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ACCELERATED WEAR TESTS BY THE 
BUREAU OF PUBLIC ROADS. 


By F. H. JACKSON, Senior Assistant Testing Engineer, and C. A. HOGENTOGLER, Highway Engineer. 
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THE TESTING MACHINE ON THE RUNWAY. 


HE Bureau of Public Roads has recently com- 
pleted at the Arlington (Va.) Experiment Sta- 
tion a series of accelerated wear tests upon 

granite-block, vitrified-brick, and concrete pavement 
surfaces, the results of which should prove of interest 
to engineers and others engaged in the use, selection, 
or manufacture of materials for these types of pave- 
ment. 

The twofold purposes of the tests were: First, to 
compare the behavior of various forms of the several 
types when subjected to exceptionally heavy steel-tired 
traffic; and, second, to ascertain whether the resistance 
to wear of the constituent parts of the several pavement 
types, as determined by laboratory tests, may be con- 
sidered as a reliable index of the wearing value of these 
materials when combined in a pavement. 

For the purpose of regulating the quality of the vari- 
ous materials used in granite-block, brick, and concrete 
pavements it has long been customary to specify certain 


(3) 


controlling requirements based upon laboratory tests.’ 
For granite block the tests selected were the usual tests 
for toughness and abrasion of rock developed many 
years ago as an aid to the selection of stone for use in 


macadam road construction. For brick roads the con- 
trolling test is the rattler test, and for concrete the 
coarse aggregate has been tested for abrasion and the 
mortar has been tested for tensile strength, and, lately, 
there have been added compression tests on samples of 
the concrete. 

Because the tests for abrasion and toughness, when 
applied to granite block, were not sufficiently sensitive 
for the purpose engineers have been inclined to ignore 
the test results and rely on their experience with certain 
grades of block with which they happen to be familiar. 
Needless to say this practice has led to discrimination 
against certain quarries, merely for the reason that 
material from them had never been used by the particu- 


lar engineer controlling the selection. In a previous 





























CONCRETE CURBS WITH CINDER FILL IN PLACE. 


paper by one of the authors ' there is described a modi- 
fied abrasion test which seemed to meet the require- 
ments in so far as a satisfactory laboratory test is con- 
cerned, but the results obtained are of no value to the 
specification writer unless:they are correlated with 
service tests. 

Although the tests in use for brick and concrete have 
given greater satisfaction, the fact remains that they fail 
to take into account a number of factors involved in the 
use of the materials in the road surface. Their value 
depends entirely upon the accurate correlation of the 
test results with the behavior of the material under the 
test of actual service. To obtain preliminary informa- 
tion along this line in a brief space of time was the 
principal purpose of the Arlington experiments. 


DESCRIPTION OF THE TEST SECTIONS. 


In conducting the tests the aim has been to simulate 
as closely as possible the conditions of actual pavement 
use of the materials. The various materials were incor- 
porated into a number of pavement sections laid in the 
form of a runway approximately 400 feet long by 2 feet 
wide. In all there were 48 sections, 21 of which were 
brick, 19 granite block, and 8 concrete. The sections 
- were constructed in the following manner: A trench 36 
inches wide and 30 inches deep was excavated the full 
length of the proposed runway. Two 6 by 30 inch rein- 
forced concrete curbs were then constructed the full 





1The Standard DeVal Abrasion Test for Rock, by F. H. Jackson, Eng. Cont.. 
Sar. 3, 1920. 





length of the trench to form the edges of the pavement 
sections and to support the rails which were laid to 
guide the testing machine. Between these curbs, 
which were spaced 2 feet apart, cinders were placed in 
layers and thoroughly compacted by hand tamping to 
a depth of 16 inches under the granite-block sections, 
about 174 inches under the brick, and 24 inches under 
the concrete. A 4-inch clay drain tile was placed longi- 
tudinally down the center of the trench under the cinder 
fill, with laterals at various points, for the purpose of 
preventing the accumulation of water in the foundation. 
The base for the granite-block and brick sections was 8 
inches of 1:3:6 concrete laid upon the compacted 
cinder fill. The concrete sections were laid immedi- 
ately upon the cinders. Over the base in the granite- 
block sections were laid four different 1-inch bedding 
courses: (a) 1:4 dry cement mortar, (6) sand, 
(c) asphalt-sand, and (d) tar-sand. Upon these beds 
the blocks were laid by an expert paver in strict accord- 
ance with the best practice and in such manner that 
after thorough ramming their heads were flush with the 
top of the curbs. The brick were similarly laid on sand 
and sand-cement cushions. All brick were acceptable 
from the standpoint of visual inspection, as were also all 
the granite block except the samples of Georgia block 
used in sections 7 and 8. These block were rough 
when received, which made it impossible to pave them 
to as smooth a surface as the other sections. Both 
granite block and brick were filled in the various sec- 
tions severally with 1:1 cement grout, asphalt, tar, 
and asphalt and tar mastics. 

Mechanical analyses of the sands used are given in 
Table 1. Analyses of the asphalt and tar fillers are 
shown in Table 2. Cement grout was mixed in a grout 
box similar to those used in practice. Bituminous 
fillers were heated in a portable kettle and were poured 
by means of an ordinary pouring pot. The asphalt 
was heated to a temperature of approximately 350° F. 
The mastics were prepared by mixing the separately 
heated sand and bituminous materials in a wheelbarrow 
with hoes in a manner similar to the method which has 
been used in New York City. It was found that the 
maximum amount of sand which could be carried in 
the mastic and still insure proper application was 
about 40 per cent by volume. 


TABLE 1.— Mechanical analysis of sand used in wear test. 





No. 1 No. 2 
sand. | sand. 


Total retained on— 


| 
Per cent.| Per cent. 





RINGS Sasa wscieictuee sedis dnaes/enuseussanenuuweessebenCanedses _ | Se 
PINs ois. d 0 a mawcioWaudwe a akaacnav ives s Sedae tae ecamencuees re 
TES SERIE Se a ERE Ne See SSA ERE SSUES 35 7 
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EAN, ois argie sian Sleretivg w Ocioreinawe Sako ora clans damien ee acest 78 bs 
No. 80 sieve 92 91 
No. 100 sieve 94 95 
No. 200 sieve 99 99 





No. 1 sand was used as fine aggregate in concrete base and in sand-cement bed. 
No. 2 sand was used in cement grout, bituminous-sand fillers and bituminous-sand 
bed. 
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TABLE 2.—Analysis of refined coal-tar filler. 


General characteristics: Semisolid. 


Specific gravity, C. 

MI ee ea ee a ees Aida x aaiscia'ancwihcon cand seconds. . 
Total bitumen soluble in carbon iit cwwdewasrsnenine Mus percent... 81.5 
Free earbon, organic matter insoluble........................-------- CO..05 tas 
Inorganic I chttecycistc nck hur sche vcnc daundscdeacs on 3 


Distillation. 


Per cont Per cent 


Fractions. | Character. 


y | 
volume. | weight. 
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ANALYSIS OF OIL-ASPHALT FILLER. 


General characteristics: Semisolid. 
Specific gravity, 25° C./25° C 


Gh hchotet bulde Veta exer abasyiesekeeemeb ane ONeniee 1. 026 
Flash point (° C. i a a aN Lr als Dalen was Dba wleleniaxiale Gitamat Welarw'a ate 245 
Penetration, 0° C., 200 grams, 60 seconds.....¢...-- 22 
Penetration, 25° C., es NII 0 stecd unioas veciranucade.ccnutaeaweemenewa 35 
Melting point C.) pila up aienes walndlag Veet watonrenssaqesiheiusewermaeeenes 69 
RE as hinted ccs eushadeevedweentwaveaarwacekbwas per cent 042 


Characteristics of residue: Smooth. 
Consistency of residue: Penetration, 25° C., 100 grams, 5 seconds. ........... 2: 
Total bitumen (soluble in carbon disulphide)..................... percent... 99 
Organic matter insoluble 
Inorganic matter insoluble 


THE TESTING MACHINE. 


The wear-testing machine consists of five cast-iron 
wheels, 48 inches in diameter by 2 inches wide, and 
each weighing 1,000 pounds. This gives a unit wheel 
load of 500 pounds per inch width of tire. The wheels 
are mounted inside a channel-iron frame in such 

way that they roll over the center 12 inches of the 
24-inch test strips. Each wheel is mounted inde- 
pendently of the others, so as to be free to move up 
and down and thus adjust itself to any inequalities 
and depressions in the pavement along the line over 
which it travels. It will therefore be seen that the 
effect approximates very closely the action produced 
by heavily loaded steel-tired trailers 
vehicles. 


or horse-drawn 
The machine is pulled back and forth over 
the test sections by means of an endless steel cable 
driven by a 30-horsepower gasoline engine and travels 
at the rate of approximately 5 miles per hour. 


THE PROGRESS OF THE TEST. 


The actual testing was begun November 13, 1919, 
and continued intermittently until August 1, 1920, 
when, because of the complete failure of some of the 
sections, further running of the apparatus was im- 
practicable. By this intermittent running an oppor- 
tunity was afforded for study of the behavior of sec- 
tions under test in winter and summer as well as in 
wet and dry weather. 

During the entire course of the test detailed ob- 
servations and notes, as well as photographic records, 
were made of the behavior of the various sections. 
The progress of the test is shown by the following 
table giving the dates and number of runs of the car. 






















































































THE CONCRETE BASE IN PLACE. 


. Number ; Number 
Date. of runs. Date. ofruns. 

POO BE Ds ob. oo scwecaccedsic 125 |) May Fey SOO: cnncriwcsswsccscs B, 220 
BE IN do vc ociensacicncwn 625 eS a ees 3.7 70 
\. 4} A Sere 1 878 |) Sees Be POs xo soe csccacecus 4,650 
Ss eee 1.650 || Fume 22, 1920... 0... 0cc cee 5, 000 
3 RE eee 2,150 | July 15, 1920.......9---.:.'---- 5, 730 
DE Ol g MOE whcdecaseens views 2,650 





COMPARISON OF GRANITE BLOCK SECTIONS. 


A detailed layout of the various sections of granite 
block, showing variations in the quality of the block 
used and difference in the filler and bedding courses, is 
given in Table 3. The figures given under “ Per cent 
of wear’’ in each case were determined by the use of the 
modified abrasion test previously referred to and beat 
no definite relation to the per cent of wear determined 
by the standard De Val abrasion test. 





TABLE 3. 


Granite block sections. 








seni’ ‘k = Oe Type of bedding | Percent 
Section. Block from | Type of filler. course. | of wear. 

| a 
| ere | Vinalhaven, Me...| Cement grout.....| Sand-cement...... 4.0 
ERE SRO EE: Rockport, Mass. ..|....- ee Bees REET ee 4,2 
RE Mount Airy, N.C.|..... | es Aan 2 - ae 6.0 
Ry te cack eel Chelmsford, Mass.). .. .-d0......5..0<<slesess | ee 4.4 
| ECR Ser Concord, N. H....|..... MR otc ondeale cose ” “SSSR aeer 5.0 
. eee | Cape Ann, Mass...|..... eee hicead Sea 1.4 
, ee | Lithonia, Ga......|..... 6.2 
res SOs . ee 6.2 
_ ere | Vinalhaven, Me...|..... 1.0) 
ee Sa | Rockport, Mass. ..|..... 1.2 
eae | Mount Airy, N.C.). 6.0 
ee | Vinalhaven, Me... 4.2 
Oe | Chelmsford, Mass. bee bccatianiae@awralteir ead Re eae 4.4 
ae eee | Concord, N. H..../..... ES SEI ee 5.6 
--e--| Somes Sound, Me.| Asphalt...........] Sand.............. 1.2 
..| Long Cove, Me....| Asphalt mastic....| Asphalt-sand...... 4. 4 
.| Vinalhaven, Me..., Tar mastic........ | Sand-cement...... 4,2 
| Somes Sound, Me.; Tar............... (Co eee 4.2 
| Long Cove, Me....| Tar mastic........ | TaPeend..2...:... 4. 4 


























PLATE 2.—WEAR TESTS OF GRANITE BLOCK—6,000 RUNS 
































GENERAL VIEW OF GRANITE BLOCK SECTIONS Nos, 
TEST. 


10 to 19 AFTER 


The first section to show indications of failure was 
No. 7, the grouted section of Georgia granite. As 
previously noted, the block with which this section 
was paved were very roughly cut at the quarry, so 
that it was impossible to lay them as smoothly as the 
other block. It is probable, then, that the impact 
produced by the heavy wheels rolling over the rough 
heads of these block started the breaking up of this 
section, and the result illustrates very: forcibly the 
value of using accurately cut block on pavements 
subjected to heavy steel-tired traffic. The first notice- 
able effect of the action of the testing machine on 
section 7 was the failure of the cement grout, which 
started to scale off the block and break out of the 
joints shortly after the test was started. The grout 
failure was accompanied by an appreciable settlement 
of the entire section. This settlement increased as 
the test progressed and amounts at the present time 
to about 14 inches. ‘Fhere has been considerable 
wear on the unprotected edges of these block and 
several have been broken. The portion of this section 
adjoining section No. 6 has likewise been subjected to 
additional impact caused by the presence between 


the two sections of a concrete bulkhead constructed 
across the trench at this point to the full depth of the 
concrete base. Under the action of the wheels this 
bulkhead was worn down more than the adjoining 
block, and the resulting difference in elevation caused 
considerable impact. That the excessive wear which 
has taken place on this section is due to the additional 
impact caused by this bulkhead and the rough block 
rather than to the fact that the granite itself was 
rather soft is evidenced by the fact that section No. 3, 
containing nearly the same quality of granite, as 
measured by the abrasion test, is still in very good 
condition. 

The next evidences of failure were observed on 
sections 1,2, and 6. As in the case of No. 7, the action 
was started by the cement grout scaling off the surface 
and breaking out of the joints of the block, accompanied 
by settlement of the sections as a whole. The appear- 
ance of these sections just after initial failure of the 
grout may be noted by reference to figures 1, 2, and 
6 of plate 1. This plate shows the condition of the 
various sections at the end of 1,650 runs of the testing 
machine. Figure 7 on the same plate shows the condi- 
tion of section No. 7 at the same time. It will be 
noted that the action has progressed considerably 
farther on this section. 

Settlement on all four of these sections has been 
accompanied by considerable transverse bending. 
On section No. 1 particularly, the block along the center 
of the runway directly under the wheels of the testing 
machine are about one-half inch lower than along the 
sides. This is probably due to the concentration of 
the load on the center 12-inch strip of the experimental 
section. This load working against the friction be- 
tween the ends of the block and concrete curbs probably 
causéd the bending which has been observed. The 
transverse bending has likewise produced a pinching 
action at the surface between the ends of the center 
blocks. The compressive stress thus developed would 
undoubtedly be great enough to crush the grout in the 
joints along these lines and even spall off the joint 
itself. This may account to some extent for the rapid 
failure of the cement grout on these sections and also 
for the fact that considerable spalling has taken place. 
An interesting point in connection with this bending is 
the fact that the concrete base has not cracked longi- 
tudinally and is perfectly flat, although it has been 
pushed down about 2 inches. The sand-cement bed, 
furthermore, is well set up, though it has not adhered 
to any extent either to the base or the block. The 
only explanation of this fact would appear to lie in 
the assumption that the sand-cement bed has com- 
pressed sufficiently under the center blocks to take 
care of the bending without cracking the concrete 
base. The remaining three grouted sections, Nos. 3, 
4, and 5, are still in very good condition. The grout 
bond is intact and flush with the joints. While there 








is some evidence of wear on these sections it is uniform, 
the block and the grout wearing down together in the 
ideal way. Recently the grout has begun to break out 
of the joints of the first 3 feet of section No. 3, but the 
action here is progressive and was begun by impact 
due to the somewhat rough surface of section No. 2 


ae 


Settlement not exceeding one-fourth inch has taken 
place. 


BITUMINOUS FILLED SECTIONS SHOW LITTLE WEAR 


The most noticeable feature of the sections contain- 
ing bituminous fillers is the fact that although some set- 
tlement has taken place at various points there is very 
little evidence of wear and almost no breaking up of 
individual block. Even section No. 8, which, from 
the beginning, was much rougher than the others, has 
suffered less than the corresponding section No. 7 with 
cement grout filler. A slight amount of wear has taken 
place on the sections in which the softer granites were 
used. The wear has been uniform, however, and the 
sections are practically as smooth as they were in the 
beginning. On the sections using asphalt-mastic filler 
a considerable ironing out of the filler over the surface 
of the block has taken place. This characteristic action 
is clearly shown in plate 1. The excess filler has re- 
mained in place in certain portions of the section up to 
the present time. On the two sections containing tar- 
mastic filler, however, the mastic has not adhered quite 
so well to the surface of the block although the joints 
are as well filled as in the case of the asphalt-mastic 
filler. The single straight tar-filled section No. 18 is 
not in very good condition. ‘The filler has chipped out 
to some extent, and there is evidence that water has 
found its way through the joints of the block to the sand 
bed. The surface is somewhat rougher than the corre- 
sponding section 15 on sand bed in which a straight 
asphalt filler was used. Considerable settlement has 
taken place, however, on both sections, No. 15 and No. 
18, laid on the sand bed, and the surfaces are slightly 
more uneven than in the cases where a sand-cement bed 
was used. Section No. 16, built on an asphalt-sand bed 
prepared by mixing about 10 per cent asphalt with 90 
per cent sand, has likewise settled somewhat unevenly. 
Section No. 19 constructed on a tar-sand bed prepared 
in the same manner is, on the other hand, in fairly 
good condition, very little settlement being noted. 
The present condition of section 19 is especially inter- 
esting in view of the fact that it adjoins a concrete 
bulkhead similar to the bulkhead separating sections 
Nos. 6 and 7, which were cement grouted. However, 
the impact produced by this bulkhead has not caused 
the damage observed on the grouted sections. In gen- 
eral, the amount of settlement on the bituminous-filled 
sections varies from approximately 1 inch, on sections 
laid on sand bed, to zero, on certain sections laid on 
sand-cement bed. Bituminous-filled sections have, in 
general, not settled as much as grout-filled sections 

48225—21 
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Likewise settlement on sections laid on sand-cement bed 
is not as great, in general, as on sections laid on straight 
sand or bituminous-sand beds. 


DISCUSSION OF THE GRANITE-BLOCK TESTS. 


It will be of interest to review briefly the reasons un- 
derlying the behavior of the various sections under 
test. Reference has been made to the fact that 
the first six cement-grouted sections constituted origi- 
nally a continuous beam about 50 feet long, 2 feet 
wide, and 5 inches deep. This beam rested upon a 
1-inch 1:4 sand-cement bed, which, in turn, was placed 
on a concrete base 8 inches in depth. The concrete 
base rested upon a compacted cinder fill, which was 
rammed by hand, every effort being made to make it 
uniform throughout. In other words, the construc- 
tion was what is ordinarily known as “‘semimonolithic.”’ 
Section 1 of this beam joined the last section of the 
vitrified-brick portion of the runway. Section 6 was 
placed next to the concrete bulkhead previously men- 
tioned. 

Both the brick sections and the concrete bulkhead 
started to wear somewhat before the granite. Observa- 
tions showed that the brick section adjoining granite 
section 1 developed considerable unevenness at about 











DETAILED VIEW OF SECTION 1, 
PINCHING 


SHOWING SETTLEMENT AND 
ACTION ON UPPER EDGE OF BLOCK. 








1,650 runs. It is probable, therefore, that the in- 
creased impact caused by the worn brick and concrete 
started the disintegration of the cement grout on 
stone-block sections 1 and 6. The action once begun 
progressed slowly toward the center from both ends, 
‘tthe breaking of the grouted joints being accompanied by 
gradual settlement of the sections. This action up to 
the present time has progressed in one direction through 
sections 1 and 2 and the first 3 feet of section 3 and in 
the other direction entirely through section 6. The 
amount of settlement varies with the distance from the 
ends. The maximum side settlement is about 1 inch 
at the ends of sections 1 and 6, whereas sections 4 and 5 
show very little settlement at all. The condition of 
all of these grouted sections illustrates very forcibly 
the necessity for reducing impact from any cause on 
granite-block pavements. In these experiments where 
the impact has been excessive, as on sections 1, 2, 
and 6, the grout has failed, and the sections have set- 
tled. Where it has not been excessive, as on those 
portions of sections 3, 4, and 5, not yet subject to in- 
creased impact, no damage has been done. Another 
point of interest is the fact that the three center sec- 
tions are all in equally good condition in spite of the 
fact that the percentage of wear of the three granites 
represented varies from 4.4 to 6. This leads naturally 
to the conclusion that the so-called softer granites, if 
well cut and properly laid, are practically as resistant 
to steel-tired wheels as the harder varieties. If the 
blocks are not well cut, however, so that they can not 
be laid to a smooth surface, as was the case in section 7, 
impact of heavy traffic will soon break out the grout, 
after which the soft block will undoubtedly wear faster 
than the harder varieties. This is brought out by com- 
paring sections 1 and 2 with section 7. Sections 1 and 
2, constructed with hard granites, although subjected 
to considerable impact, due to the grout having failed 
and also because of the poor brick section adjoining 
section 1, have not worn or broken up nearly as badly 
as section 7, which contains the soft granite. 

The most interesting feature in connection with the 
bituminous-filled sections is the fact that although con- 
siderable settlement has taken place, there is very little 
evidence of wear or breaking up of individual block. 
Even the sections which have settled unevenly show 
but little wear, indicating that the soft filler has served 
as a cushion against the impact of the iron wheels, 
which has been lacking in the rigid type. The soft 
filler likewise is capable of readjusting itself to slight 
inequalities in the surface, due to uneven settlement of 
the block—an advantage not possessed by the rigid 
type. It would appear, then, that under the practical 
conditions approximated by this test, bituminous fillers 
are, in general, as satisfactory as cement grout filler, 
especially when there is any tendency of the block to 
settle unevenly, thereby increasing the impact force 
exerted by moving wheels. Again, as has been noted, 
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there is practically no difference in the behavior of 
bituminous and bituminous mastic-filled sections, ex- 
cept that in cases where the mastic is used a very notice- 
able ironing out of the excess filler has taken place. 
This would indicate that the latter is just as satisfac- 
tory as the straight bituminous filler for street pavement 
work. The fact that both sections laid on sand bed 
show considerable settlement and unevenness would 
tend to indicate that this type of bedding course is not 
as satisfactory as the sand-cement bed, even when 
bituminous fillers are used. The fact that the tar- 
sand bed section, No. 19, has not settled as much as the 
asphalt-sand bed section, No. 16, indicates that the tar 
may have provided a somewhat more rigid bedding 
course than the asphalt. This single comparison 
would, however, hardly justify a conclusion to this 
effect. 


CONCLUSIONS FROM THE GRANITE BLOCK TESTS. 


Although it is realized that certain limiting condi- 
tions, such as the small size of the test sections and the 
fact that settlement occurred at certain points must 
be taken into account when interpreting the results 
of these tests, it is felt that a number of general con- 
clusions may be drawn. These conclusions may be 
summed up as follows: 

1. Bituminous-filled granite block pavements will 
resist the impact produced by heavily loaded steel- 
tired traffic as well as cement-grouted pavements. 

2. Bituminous mastic fillers are as satisfactory for 
this type of traffic as straight bituminous fillers. 

3. The effect of impact is tremendously increased 
by irregularities produced by poorly cut block. 

4. Irregularities of surface or other factors producing 
impact are more serious with grouted than with bitu- 
minous-filled pavements. 

5. Slight variations in resistance to wear, such as 
occur among the commercial granite block from the 
Atlantic coast quarries, are of much less importance 
in judging the probable resistance of the block to the 
action of traffic than has commonly been supposed. 

6. Cement-sand bedding courses are more satisfac- 
tory than sand or bituminous-sand bedding courses. 


COMPARISON OF BRICK SECTIONS. 


The types of brick pavements tested and their 
arrangement in the runway are shown in Table 4. 
The per cent of wear was determined by the manufac- 
turer, using the standard rattler test. 

In general, the progress of wear in all sections was 
similar. First the excess filler was broken and pulled 
off the surface of the bricks; then a uniform wearing 
of the bricks occurred over the entire length of the 
section. This uniform wear was followed by excessive 
wearing in spots, causing a very rough and uneven 
surface. Complete failure of the section rapidly fol- 
lowed this uneven condition. 
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TABLE 4.—Brick sections. 


Brick. 














| 
? | Cushion. | 
a ee aed Se Length Joint filler 
— | | | section material. 
No. , i > ; : : . 
Type. | Wear. | Material. Thick. 
‘wares ” | 
Per cent. | In. | Ft. | 
1 | Repressed........ 16 | Sand-cement 4:1 vs 8 | Grout 1:1. 
2  Wire-cut lug...... ce _ aes ts | 8 Do. 
3 | Repressed........ me ‘Base do. ts | 8 Do. 
4 Wire-cut lug...... _, a Eee ees ts | s Do. 
eee ccc e bans See MO Au civ cages ts | 8 Do. 
6 Repressed........ | ae RE REE te | s Do. 
See : See al ee do.. ts | 8 | Asphalt 
S| Wire-cut lug...... eS do.. rs 8 Do. 
9 | Repressed........ a TRS | SR ts 8 | Do 
10. Wire-cut lug...... me Aetictnd Tee vs 8 | Do. 
11 | Repressed........ an ee do. Ps 8 | Do. 
12 | Wire-cut lug...... ree do Bs s Do. 
13 Vertical fiber. .... ey ae RP . se 8 | Do. 
OO liccas i actecnetuessd la eee 1 8 | Do. 
15 — wire-cut oe Ws chicewun 1 8 | Do. 
ug. 
CL _ Ee 7.7 |....- eS. 1 s | Asphalt mastic 
i id B 
BF bcac’ do. i & | ae ee 1 8 | Tar. 
WO leases do. i i ae ea 1 8 | Tar mastic 1:1 
| ae . SOE ee ae ad cache ats 8 | Grout 1:1. 
20 Wire-cut lug...... 16 Sand-cement 4:1 A 8 | Tar. 
21. +Vertical fiber. .... BS fevcas : | en 8 | Grout 1:1. 








In sections with elastic fillers the wear was confined 
to the areas which came in contact with the cast-iron 
wheels, causing ruts or grooves to develop as the test 
continued. In sections having nonelastic fillers the 
wear was of a crushing or shattering kind, causing the 
bricks to shear and break in areas adjacent to as well 
as in the path of the wheels. 

For convenience the stages of wear on the various 
sections are noted and referred to in the following 
discussion as (1) the first indication, (2) the beginning 
of nonuniform wear, and (3) total failure. 

Plates 3 to 7, inclusive, show photographs of the 
different sections arranged with respect to their kind 
and hardness. Five views of each section, taken at 
different stages of the wear, are shown. For any par- 
ticular section, the same brick is indicated in successive 
views by a black dot. By this means the study of 
the progress of wear is facilitated. The following 
comparisons are made from notes taken during the 
test as well as from the photographs. 


BRICK SHOWING 16 PER CENT WEAR COMPARED. 


On plate 3 are grouped the sections made of 4-inch 
brick, which showed 16 per cent of wear in the rattler 
test. All the sections shown are laid on a sand-cement 
cushion. Sections 2, 8, and 20 are wire-cut lug bricks, 
with cement grout, asphalt, and tar fillers, respectively, 
while sections 1 and 7 are repressed bricks, with cement 
grout and asphalt fillers, respectively. 

Of these sections Nos. 2, 8, and 20, made of wire-cut 
lug brick, are all in good condition after 5,730 runs. 
The first indication of wear on sections 2 and 8 appeared 


after 2,150 runs; on section 20 after 1,650 runs. How- 


ever, the wear increased on Nos. 20 and 2 faster than 
on No. 8, so that after 5,730 runs No. 20 is not as good 
as No. 2, and No. 2 is slightly worse than No. 8. 

The repressed brick in sections 1 and 7 showed no 
indications of wear until after 2,150 runs, after which 
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the wear on the asphalt-filled section developed more 
rapidly than on the section filled with cement grout. 
The former developed nonuniform wear after 2,650 
runs. After 5,730 runs the cement-grouted section is 
very good, and the asphalt-filled bricks are very much 
worn. 

Arranging the five sections in the order of their 
resistance to wear in the test, they rank 8, 2, 1, 20, 7. 
It should be explained, however, that sections 1 and 2 
were possibly subjected to less abrasive action on 
account of their position at the end of the runway, 
and No. 20, being between two badly worn sections, 
was subjected to exceptionally heavy abrasive action. 
Taking these conditions into account, a fairer state- 
ment of their relative resistance would rate them 8, 20 
2, 1, and 7, the difference between the first four being 
very slight. This would indicate that in resistance to 
wear the wire-cut lug brick rank above the repressed. 
A study of plate 3 shows also that neither cement 
grout nor bituminous fillers protect or support the 
edges of repressed brick as well as those of wire-cut 
lug. It also appears that in resistance to wear the 
wire-cut lug bricks with bituminous fillers are better 
than with cement grout, while with repressed bricks 
cement grout gives the better results. A shattering of 
sections with cement fillers and rutting of sections 
with bituminous fillers is indicated. 


OBSERVATIONS OF BRICK- SHOWING 19 PER CENT WEAR. 


On plate 4 are grouped the 4-inch bricks that showed 
19 per cent wear in the rattler test. Each of the four 
sections was laid on a sand-cement cushion, sections 
4 and 10 being wire-cut lug brick and sections 3 and 9 
repressed. Nos. 4 and 3 were laid with cement-grout 
filler and Nos. 10 and 9 with asphalt filler. 

The two sections of wire-cut lug brick showed first 
indications of wear after 1,175 runs, after which on 
the section filled with cement grout the wear increased 
uniformly to the end of the test, the surface remaining 
good. On the section filled with asphalt the wear was 
faster, but uniform, until 3,750 runs, after which non- 
uniform rutting occurred 

The sections of repressed brick showed first indica- 
tions of wear after 1,175 runs. From that point the 
cement-filled section increased uniformly in wear to 
2,650 runs, after which nonuniform breaking and 
shearing occurred. By 3,750 runs the nonuniform 
wear was well developed, and total failure came at the 
end of 4,650 runs. Up to that point the asphalt-filled 
section had shown only uniform wear, but subsequently 
shearing of brick caused a very uneven surface. 

Comparison of these 4-inch brick of the same hard- 
ness (19 per cent wear) laid on a sand-cement cushion 
indicates that in resistance to wear they rank 4, 10, 9, 
and 38, there being appreciable differences between 
them, with the wire-cut lug showing better than the 
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repressed bricks. The wire-cut lug brick show better 
with cement grout than with asphalt filler, while the 
repressed show better with asphalt. As in the sections 
of 16 per cent brick, those filled with cement grout 
show a tendency toward shattering, and the asphalt- 
filled sections develop grooves. The 19 per cent brick 
show less resistance to abrasion than the 16 per cent 
brick. Again, also the fillers, both asphalt and cement 
grout, offer considerably more protection and support 
to the edges of the wire-cut lug than to those of the 
repressed brick. 


WEABING QUALITIES OF THE 24 PER CENT BRICK. 


Plate 5 shows the 24 per cent brick of 4-inch thick- 
ness laid on a sand-cement ¢ushion. Sections 5 and 12 
are wire-cut lug with cement grout and asphalt fillers, 
respectively, and sections 6 and 11 are repressed brick 
with cement grout and asphalt filler, respectively. 

All four sections showed first indications of wear 
after 625 runs, after which the wire-cut lug with cement 
filler showed uniform wear to 2,150 runs, when non- 
uniform shattering and shearing began, resulting in 
total failure after 4,650 runs. Filler afforded little 
protection to edges after 3,250 runs. On the asphalt- 
filled, wire-cut lug section the wear was uniform to 
2,650 runs, after which nonuniform grooving action 
developed deep ruts by 5,500 runs. The asphalt 
filler offered better protection to the edges of the brick 
in this section at 5,730 than at 2,150 runs, due to the 
ironing out of the filler in warm weather. On the re- 
pressed section with cement-grout filler, the wear 
became nonuniform after 1,175 runs, resulting in 
sheared and shattered brick after 3,750 runs. The 
filler offered no protection to the edges after 1,175 
runs. The repressed, asphalt-filled brick showed 
uniform wear to 2,150 runs, after which nonuniform 
grooving resulted in deep ruts by 5,730 runs. 

Comparison of the four sections shows that in re- 
sistance to wear they rank 12, 11, 5, and 6. Again it 
is indicated that both types of filler offer more pro- 
tection to the edges of the wire-cut lug than to those 
of the repressed brick, and again the test results are 
favorable to the wire-cut lug. For both kinds of 
brick the asphalt filler shows better than cement grout. 


THE BEHAVIOR OF THE 17.7 PER CENT BRICK. 


Plate 6 shows the group of 3-inch brick sections. 
All these brick are wire-cut lug, and all are laid on 
sand cushions. All the brick showed 17.7 per cent 
wear in the rattler test, consequently the only variable 
in the five sections is the filler, which was different in 
each section. As shown in the plate, the fillers used 
were asphalt, asphalt mastic, tar, tar mastic, and 
cement grout. 





The first indication of wear appeared in the cement- 
filled section after 125 runs; in all the others there was 
no indication of wear until after 1,175 runs. Non- 
uniform wear, in the several sections, began as follows: 


Runs. 
PE I 5 iis enh 6 sé xo ann py sedene eee 4, 650 
Amphalt-mastic filler. .........--..26..26.<0%%- 3, 750 
(OE ener ee ae ee 2, 150 
GNI NE ec ial cies Gee ee ees 1, 650 
COMM OMEE BEIGE. ..o w <.56sccowcsawdoneouncnas 625 


In general resistance to wear, the sections rank in 
the same order, indicating that as the elasticity of the 
filler decreases the crushing and shattering of the 
brick increase. The cement-filled section. in this 
group showed complete failure after 2,150 runs. This 
was the worst of the 21 sections. 


THE 3}-INCH VERTICAL-FIBER BRICK WITH 18.8 PER 
CENT WEAR. 


The vertical fiber brick which tested 18.8 per cent 
wear in the rattler are shown in plate 7. In sections 13, 
14, and 21 they are laid with asphalt, asphalt, and 
cement-grout fillers, respectively, and on sand-cement, 
sand. and sand-cement beds. 

The two asphalt-filled sections showed first indica- 
tions of wear after 1,175 runs, the wear increasing 
slowly and uniformly, leaving a fairly good surface 
after 5,730 runs. The filler afforded excellent pro- 
tection to the edges. The cement-filled section, on the 
other hand, showed traces of wear after 625 runs, the 
wear became nonuniform after 1,650 runs, and the 
section was a total failure after 3,750 runs. 

In general, the sections rank 13, 14, and 21, but there 
is almost no appreciable difference between 13 and 14. 
Section 21, with the cement-grout filler, is far inferior 
to the other two. The elasticity of the asphalt and 
the protection it afforded the edges of the brick is no 
doubt responsible for this difference. 


ALL BRICK SECTIONS COMPARED. 


Generalizing from the results of the tests, the various 
sections can be divided into three classes, according 
to their condition at the end of the test. In the first 
class are the sections which show uniform wear, but 
have not developed marked unevenness of surface. In 
the second class are those sections in which nonuni- 
form wear has developed resulting in a very uneven 
condition covering not more than 50 per cent of the 
length of the section. In the third class are those 


sections which are considered as total failures, in which 
more than 50 per cent of the lengths are shattered and 
rutted nonuniformly. 

The various sections grouped in accordance with this 
mode of classification and arranged within the classes 
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as well as possible with regard to their resistance to 
wear, are as follows: 
Crass 1. 





Section stent 
No. Description. 

Siccnnes 16 per cent, 4-inch wire-cut lug, sand-cement cushion, asphalt filler. 

See 16 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 

Rineeuas 19 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 

| 16 per cent, 4-inch repressed, sand-cement cushion, cement filler. 

cues 16 per cent, 4-inch wire-cut lug, sand-cement cushion, tar filler. 

13......, 18.8 per cent, 34-inch vertical fiber, sand-cement cushion, asphalt filler. 

_, ees 18.8 per cent, 34-inch vertical fiber, sand cushion, asphalt filler. 
CLASs 2. 

DD oeiton 19 per cent, 4-inch wire-cut lug, sand-cement cushion, asphalt filler. 

eee 17.7 per cent, 3-inch wire-cut lug, sand cushion, asphalt-mastic filler. 

: Se 16 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

| Pee 19 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

oe 17.4 per cent, 3-inch wire-cut lug, sand cushion, asphalt filler. 

; MARRS. 24 per cent, 4-inch wire-cut lug, sand-cement cushion, asphalt filler. 

BD wnnaes 24 per cent, 4-inch repressed, sand-cement cushion, asphalt filler. 

; Ree 17.7 per cent, 3-inch wire-cut lug, sand cushion, tar filler. 

SB nxeee 17.7 per cent, 3-inch wire-cut lug, sand cushion, tar-mastic filler. 
CLAss 3. 

Beeasen 24 per cent, 4-inch repressed, sand-cement cushion, cement filler. 

» 19 per cent, 4-inch repressed, sand-cement cushion, cement filler. 

eer 24 per cent, 4-inch wire-cut lug, sand-cement cushion, cement filler. 

, SA. 18.8 per cent, 34-inch vertical fiber, sand-cement cushion, cement filler. 


17.7 per cent, 3-inch wire-cut lug, sand cushion, cement filler. 


Table 5 shows the progress of wear on the various 
sections during the test. 


GENERAL COMMENTS. 


In general, the sections filled with cement grout 
showed settlement along the sides as well as in the 
center, while the bituminous-filled sections showed more 
settlement in the center than along the edges. The 
maximum settlement of the grout-filled sections on 
sand-cement cushion ranged from 4 to 14 inches, with ° 
an average of +8 inch. The maximum settlement of 
bituminous-filled sections on sand-cement cushion 
ranged from } to 1 inch, with an average of }inch. The 
average longitudinal variation of the above two types 
was t inch. The maximum settlement of bituminous- 


TABLE 5. 


Runs. 16 per cent wear. 19 per cent wear. 


8 20 | 3 | i 4 10 
a ee 
i PEON ER Ga EN Te RN Re A We 
Ww iw W Ww 
Sane Bd Se cise m bee 
S | oo Soot Ss 
ee eee ee eee 
Reece eee ene ee eee ia ce te ee Be ot aT So 
F | ey Sen eeh Ae 
| 3 Be | 





W =first indication of wear on bricks. 
N=beginning of nonuniform wear. 
F=total failure. 

8=first indication of settlement. 





filled sections on sand cushion ranged from 4 to { inch, 
with an average of i inch. The average longitudinal 
variation was ;; inch. The one cement-grout-filled 
section on sand cushion showed 1} inches settlement. 
Considering the uniform base and foundations under 
these sections, the additional settlement of the grout- 
filled sections over the bituminous-filled sections can 
not but indicate that the effect of the impact caused by 
the same agency (steel-tired traffic) is much greater on 
a rigid surface than it is on an elastic surface. It is 
also indicated that a 1-inch sand cushion allows more 
compression and consequently more unevenness of sur- 
face than a ;;-inch sand-cement bed. The difference 
in compression or, possibly, movement of the sand 
cushion would account for the difference in the settle- 
ment found between sections laid on sand and sand- 
cement cushions. 

Table 5 shows that there is conformity between the 
first indications of wear on the various sections and the 
results of tests made with the standard brick rattler. 
This first indication of wear seems to be more or less 
dependent upon the degree of hardness of the brick. 
Several exceptions show that the method of laying and 
the thickness of the brick are also factors to be con- 
sidered. When laid on a sand cushion the 3-inch, 
grout-filled, wire-cut lug brick showed first wear 1,050 
runs before the bituminous-filled brick. Also the 
34-inch vertical fiber brick on sand-cement cushion 
showed first wear 650 runs before the same brick with 
bituminous fillers. The fact that first indications of 
wear on section 20 occurred 500 runs before the other 
four 16-per-cent sections can be attributed, at least in 
part, to the fact that it received extra heavy impact 
because of the very bad condition of section 19. In 
general, then, the 24 per cent wear bricks showed first 
indications of wear after 625 runs, the 17.7 per cent, 
18.8 per cent, and 19 per cent brick after 1,175, and the 
16 per cent brick after 2,150 runs. After this first 
stage, however, the thickness of the bricks and the type 


Showing progress of wear—all brick sections. 


Sections. 





24 per cent wear. 18.8 per cent wear. 
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of filler seemed to control the rate of disintegration. 
Of the 7 sections remaining in good condition at the 
end of the test, 3 are 4-inch grout-filled brick, 2 are 
4-inch bituminous-filled, and 2 are 34-inch bituminous- 
filled brick. Of the 4-inch brick all are wire-cut lug 
except section 1, and, as noted before, this section 
probably received less wearing action from the appa- 
ratus than any other in the runway. 

The 9 sections in which nonuniform wear was regis- 
tered are all bituminous-filled, the best being 4-inch 
wire-cut lug showing 19 per cent. The 5 sections which 
showed total failure are all cement-grout-filled sections. 


CONCLUSIONS FROM THE BRICK TESTS. 


Making allowance for the smaller amount of wearing 
action occasioned on section 1 and the exceptional 
amount of wear on section 20, the following con- 
clusions are obvious: 

1. The edge protection offered by bituminous and 
cement-grout fillers is considerably greater for vertical 
fiber and wire-cut lug than for repressed brick. 

2. The adhesion of bituminous fillers to wire-cut lug 
and vertical fiber brick tends to protect the surface 
and to reduce the wear. 

3. With cement-grout fillers the surface becomes a 
rigid slab and failure occurs because of the breaking of 
this slab under load and consequent: loosening and 
shattering of the brick. 

4. With cement-grout fillers and sand-cushion con- 
struction the brick must be so thick as to make a 
slab which will resist without excessive distortion the 
impact produced by the load moving over it. In such 
cases the cement-grout filler offers excellent support to 
the wire-cut lug and vertical fiber brick. The above 
results indicate that for sand and sand-cement cushions 
«nd for such loads as were had at Arlington thicknesses 
under 4 inches are impractical. 

5. For brick of sufficient thickness to form a beam 
which will not be broken under impact, cement grout 
offers better support to the édges than bituminous 
fillers. The bituminous fillers cushion the edges, but 
under certain kinds of traffic (steel tires) allow the edge 
to be crushed even while the filler remains intact. 

6. Tar and tar-mastic fillers form more rigid slabs in 
cold weather than asphalt and asphalt mastic, and 
consequently brick filled with the former tend more 
toward shattering than those filled with the latter. 

7. For the same conditions of brick and type of con- 
struction, brick with rounded edges offer less resistance 
to wear than those with square edges. 

8. Sand cushions are subject to more compression 
than sand-cement cushions, and the greater compres- 
sion results in a more uneven surface. 

9. Elastic fillers considerably reduce the effects of 
impact occasioned by steel-tired traffic, and the de- 
structive effect increases with increased rigidity of the 


fillers, the maximum destructive effect occurring with 
such fillers as have greatest rigidity. The shattering 
of the brick and the additional settlement noted on the 
cement grout sections warrant this conclusion. 

10. The resistance to wear of the various pavement 
sections, as shown from the wear test, is the same as 
that indicated by the standard rattler test for the 
brick comprising the above sections. 


CONCRETE PAVEMENT SECTIONS. 


From the behavior ofthe concrete sections under 
test it was intended to secure comparisons of the 
resistance to wear offered by concretes made from 
different aggregates. Eight sections were constructed, 
each 6 inches thick and each of 1:14:3 concrete. Views 
of these sections after 2650 and 5730 runs, respectively, 
are shown in plate 8. The concrete was hand-mixed 
and finished with a wooden float. For the purpose of 
determining any possible relation between the resistance 
to wear and compressive strength afforded by use of the 
different aggregates, 6 by 12 inch test cylinders were 
made from the same batches of concrete used in the 
different sections. These cylinders were buried beside 
the runway August 8, 1919, and tested in the laboratory 
April 7, 1920. The kinds of aggregates used for the 
different sections, with their arrangement in the runway, 
together with the breaking strength of the test cylinders, 
is given in Table 6. The slump indicated was deter- 
mined from 6 by 12 inch cylinders. 


TABLE 6 
Aggregate. Cylinders. 
Length : 
Section of Breaking strength. 
No. sec- 
Kind. Size. | tion. | Slump. 
1 2 Aver- 
age. 
In. Ft. In. Lbs. Lhs. | Lbs. 
SS Vanewees oo ee 3-2 16.5 5 2,445 1,942 | 2,194 
Be cowad aoe | Limestone. 4-2} 9.0 5 | 2,578) 2,815 2,698 
a. | Gravel..... 4-1} 11,2 5 | 2,620| 1,930] 2,275 
Sa Sandstone... 42h 10.5 5 | 3,170 | 3,150 3, 160 
eee Gee: Slag.. —s| 3 6-7 | 3,260] 2,420) 2)840 
Gizccaswee ee b-13 12.0 7 | 3,000 | 2,800 2,910 
ae Wis oh <avivcie ce ewsie 4-24 5.2 Wiizsaconealaveneiwn 3, 290 
(| eee LESS SN he icatveis 1-24 2.0 Dict toueccibeawec bead exuane na 
ee re 4-14 5.7 A Aubavkuentsacanes 3, 180 
WR ci ocas Hees eee cesneeascaes 1-1} 6.8 6 


During the progress of the test these sections, in 
addition to wear on their surfaces, developed a con- 
siderable number of transverse cracks followed by 
settlement, which makes comparisons of resistance 
to wear somewhat difficult. The following observa- 
tions for wear were noted, however, on parts of the 
sections other than those adjacent to the cracks. In 
general the wear progressed the same on all sections 
beginning with a slight grooving action which gradu- 
ally uncovered the large aggregate after which the 
depth of wear as well as the uniformity of the resulting 
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surface depended more or less upon the hardness and 
size of the aggregate. 

Section 1 (trap) showed gradual and uniform groov- 
ing action through the test and at the end of 5,730 
runs these grooves which are fairly well defined show a 
maximum depth of } inch, with a longitudinal varia- 
tion not exceeding } inch. 

Section 2 (limestone) showed wear faster than No. 1 
and a tendency toward unevenness over the worn 
area rather than distinct grooves. After 5,730 runs 
the surface shows a nonuniform wear ? inch in 
depth with a longitudinal variation of from ;3; inch to 
4 inch. 

Section 3 (gravel) after 5,730 runs is very uniform, 
showing 4 inch wear and ;, inch longitudinal variation. 

Section 4 (sandstone) after 5,730 runs is not so uni- 
form as No. 3 and shows wear to a depth of 3 inch, 
with a longitudinal variation of } inch. 

Section 5 (slag, } to ? inch) shows wear to a depth 
of } to 4 inch with a longitudinal variation of $ inch. 

Section 6 (gravel) is very uniform showing } to 
7s inch wear and an average } inch longitudinal 
variation. 

Section 7a (slag, } to 24 inches, 8-inch slump) shows 
nonuniform wear 4 to 3 inch deep, with a longitudinal 
variation of } to 4 inch. 

Section 76 (slag, $ to 24 inches, 2-inch slump), with 
the exception of one small spot 4 inch deep, shows 
more uniformity than 7a with an average of 3 inch 
wear and } inch longitudinal variation. 

Section 8a (gneiss, 7-inch slump) shows grooving 
action to the depth of } inch with a longitudinal varia- 
tion of $ inch. 

Section 8b (gneiss, 6-inch slump) shows slightly 
less wear than 8a, but this could be at least in part 
due to the fact that, being at the end of the runway, it 
did not receive as much wearing action as the other 
sections. 

As can be noted, the trap rock and gneiss sections 
show the greatest resistance to wear, presenting very 
uniform surfaces. The gravel sections rank next, 
showing slightly more wear, but about the same uni- 
formity. The limestone and sandstone sections com- 
pare favorably with the gravel as concerns depth of 
wear, but tend more toward developing nonuniformity 
of top. The slag sections show the least resistance to 
wear and compare favorably with each other except 
that 7a shows less uniformity. These sections, then, as 
regards resistance to wear should rank 1 and 8, 3 and 6, 
2 and 4, 5, 7. From Table 6 it will be noted that in 
resistance to compression, as determined from the 
test cylinders, they should rank 7, 8, 4, 6, 5, 2, 3, 1. 
Comparisons of the above would indicate that this 
test shows no relation between compressive strength 
and resistance to wear afforded by the several con- 
cretes. 


Comparison of sections 3 and 6, 7a and 7b, and 8a 
and 86 would indicate that the dry concretes offer 
more resistance to wear than the wet ones. Sections 
3 and 6 as well as 8a and 8b give a slight indication 
of this while sections 7a and 76 furnish a very marked 
indication. 


SEVERAL SECTIONS FAILED BY CRACKING. 


The failure of several of the concrete sections was 
due to transverse cracking and settlement, accom- 
panied by increased impact: It is possible that this 
cracking might indicate the resistance of the various 
aggregates to impact. It should be noted that in 
placing the cinder foundation every precaution was 
taken to have it compacted uniformly so that it would 
afford the same support under ail slabs. The first 
crack occurred between sections 4 and 5 after 2,300 
runs, the second and third occurred 3 feet each side 
of the first after, respectively, 2,600 and 2,650 runs. 
The effect of these cracks was to reduce the area over 
which the load was distributed, so that the intensity 
of the pressure was increased on the cinder foundation, 
with the result that the surface settled about 24 
inches. In a similar manner a second series of cracks, 
resulting in the same condition of settlement, occurred 
around the junction of sections 3 and 4 after 3,900 
runs. Further cracking allowed section 4 to settle to 
the elevation of the ends. Cracking in each direction 
from this settled section resulted in settlement of the 
surface, which extended from the joint between Nos. 
6 and 7 to a point 4 feet from the joint between sec- 
tions 1 and 2. Longitudinal cracking developed only 
in section 4. ‘These observations would indicate that 
slag, sandstone, and limestone do not. offer as much 
resistance to cracking as do gravel, trap rock, and 
gneiss. This conclusion, however, is questionable in 
the absence of further experiments. 

From the tests on the concrete sections there are 
indications that neither the resistance to wear nor the 
resistance to cracking are dependent upon the com- 
pressive strength of the concrete as determined by 
6 by 12 inch test cylinders, that more resistance to 
wear is afforded by dry concretes than by wet, and that 
the harder aggregates offer more resistance to wear 
than the softer. Whether this greater resistance 
offered by the harder materials would warrant secur- 
ing them for a road at much additional expense when 
softer materials are at hand must be left to the judg- 
ment of the engineer with full knowledge of the traffic 
conditions to be accommodated. 

Notre.—Acknowledgment is made to Mr. L. 
assistance in the conduct of the work. 
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The test was under the 
general direction of Mr. Thomas H. MacDonald, Chief of the Bureau 
of Public Roads, and Mr. A. T. Goldbeck, engineer of tests, and 
under the direct supervision of Messrs. Earl B. Smith and F. H. 
jackson, senior assistant testing engineers. 











ON BITUMINOUS MACADAM AND 
BITUMINOUS CONCRETE ROADS 


By E. J. WULFF, Senior Highway Engineer, Bureau of Public Roads 


T IS customary to differentiate the types of bitumi- 
nous pavement into two classes, namely, bitumi- 
nous macadam and bituminous concrete. In the 

former the cold stone is coated, after being placed in 
the road, with heated bituminous material; in the latter 
the heated mineral aggregate composed of coarse and 
fine aggregate is mixed with heated bituminous material 
in a machine mixer and then placed on the road in a 
hot condition. The two materials that enter into the 
construction of the types of roads under construction 
are bituminous materials and the mineral aggregate. 
These materials must be adapted for the various pur- 
poses, and most specifications describe the materials 
by certain requirements that they must have for the 
specific purpose intended. 

The term ‘‘ bituminous material” applies in common 
to asphalt as well as tar products. Both materials are 
used in penetration macadam; tars are employed only 
to a limited extent in bituminous concrete. When the 
term ‘asphaltic macadam” or ‘asphaltic concrete” is 
used the bituminous material is an asphalt. 

The functions of the bituminous material in bitumi- 
nous macadam and bituminous concrete are not quite 
analogous, although the adhesive quality of the bitumi- 
nous material is the essential quality in both cases. In 
bituminous macadam the small stone and bituminous 
material serve as filler or binder, similar to the screen- 
ings and fine dust of a waterbound macadam. The 
interlocking action of the mineral aggregate is the main 
dependence against lateral displacement. As screen- 
ings and dust are omitted in bituminous macadam,these 
are replaced by stone chips and adhesive asphalt or tar, 
a combination which is not affected by water or exces- 
sive dryness nor by the sucking action of rubber tires. 

In an asphaltic concrete the interlocking action of the 
stone is supplemented by a mortar formed of the fine 
mineral aggregate, which includes dust, and an asphal- 
tic cement. The function of this mortar is essentially 
analogous to that of the mortar in cement concrete. 


CONSISTENCY THE IMPORTANT QUALITY OF BITUMI- 
NOUS CEMENT. 


On account of the different functions to be performed 
by the asphalt in the two different types, as well as the 
different working conditions under which it is employed 
when the pavement is laid, and the varying effect of 
climate, the consistency of the asphalt to be employed 
is of considerable importance. 

The suitable consistency differs materially for differ- 
ent:types of pavement as well as for different climatic 
conditions Thus for penetration macadam the consis- 


tency of the bituminous material must be such that 
when in a melted condition it is fluid enough under 
proper working conditions to flow freely and coat the 
coarse stone aggregate with a thin film. When cooled 
to summer temperatures it must be stiff enough not to 
flow. When still further cooled to winter conditions 
it must remain plastic enough to contract without 
cracking. 

The range of summer and winter temperatures differs 
materially for the United States. While high and pro- 
longed summer temperatures may be expected through- 
out the country, the winter conditions are dissimilar. 
In the North, prolonged periods may occur when the 
temperature is at and below zero. In the Southern 
States, the winter temperature may but rarely reach the 
freezing point and then for short periods only. It is 
apparent that these extreme cases, as well as the variety 
of intermediate conditions, require bituminous materi- 
als of appropriate consistencies for local requirements. 

The same principle applies as well to asphaltic 
concretes. In the latter the asphalt bodies, while dis- 
tributed more uniformly through the fine mineral 
aggregate, are exceedingly small, and contraction is dis- 
tributed on a large number of small bodies instead of 
concentrated on a few but large bodies. That alone 
would be a sufficient reason to employ a stiffer asphalt; 
however, other reasons and circumstances prompt the 
use of a stiffer asphalt. The principal reason is the 
function of the asphalt as a cement in uniting the 
mineral aggregate into a dense, stonelike mass. In 
addition there is the circumstance that the mineral 
aggregate is heated to substantially the same temper- 
ature as the asphalt before the materials are mixed, 
and this justifies the use of a stiffer asphalt. As the 
asphalt is exceedingly fluid at the proper working 
temperatures, it is possible to coat the mineral aggre- 
gate with a very thin film of asphalt instead of the 
comparatively heavy one which results in penetration 
macadam. 

The bituminous materials used in penetration mac 
adam are fluxed native asphalts, oil-asphalts (derived 
from the asphaltic-base oils), and tar products. 

The suitability of a bituminous material for penetra- 
tion work is measured by the test requirement for pene- 
tration in asphalts and the float test for tar products. 
Both tests determine the consistency of the bituminous 
material. For the northern section of the country, 


where very low temperatures may prevail for prolonged 
periods, an asphalt. of a penetration of from 120 to 150 
is ordinarily employed. That means, while the asphalt 
is not unreasonably soft during summer conditions, it 
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retains a certain amount of plasticity during extremely 
cold weather. Furthermore, on account of its pli- 
ability it will reunite again when warm weather comes 
if there has been any separation of the asphalt bodies 
during the winter months. . 

Where extremely low temperatures do not occur or 
are of comparatively short duration the penetration 
requirement is placed at 90 to 120, and in the southern 
part of the United States, where freezing occurs but 
rarely, the penetration is from 80 to 90. 

The corresponding float test requirements for tar 
products are as follows: 


Seconds. 
For the northern section..............-...: 90 to 120 
For the middie belt... <5. cc cccwieeeccden 120 to 150 
For the southern section. ....................- 150 to 180 


These test requirements should not be arbitrarily 
followed. The present tendency in the northern section 
is to select a somewhat stiffer material than that which 
is provided by the penetration test of 120 to 150 for 
asphalt or a corresponding float test of 90 to 120 
seconds for tar products. The weight and amount of 
traffic should be one of the determining factors to be 
considered in selecting an appropriate consistency. 
Heavy and continuous traffic will prompt the use of a 
stiffer material than light traffic. 

In specifications for the construction of penetration 
macadam, asphalts and tars are usually placed on an 
equal footing and the selection of the appropriate mate- 
rial is determined by local conditions. With the ex- 
ception of one-size-stone bituminous concrete, where a 
tar product is occasionally employed, the bituminous 
material for the concretes is usually an asphalt. 


QUALITY OF STONE ALSO IMPORTANT FACTOR. 


Of equal importance with the asphalt is the quality 
and size of the stone aggregate from the viewpoint of 
service as well as workability when crushed. The 
adaptability of a rock is usually measured by its hard- 
ness and toughness, the latter quality being of greater 
importance than hardness alone. <A very hard stone 
may also be friable under impact and may shatter 
under rolling or the subsequent impact of traffic much 
more easily than a softer stone of relatively greater 
toughness. The particular quality desired is fre- 
quently expressed by a test standard based upon the 
French coefficient of wear in which is expressed the 
results of a test which combines both hardness and 
toughness tests. ; 

In a general way it may be stated that a rock com- 
posed of small crystals is better adapted for use than a 
rock composed of comparatively large crystals. The 
trap rocks and other related volcanic rocks are com- 
posed of comparatively small crystals. A number of 
granites and metamorphic gneisses derived from gran- 
ites are usually not so well adapted on account of their 
large crystals. Where a choice of materials is to be 
had, economically, the best material should be employed. 





However, there are large sections of the United 


States where the best rock material is unobtainable 
economically and where rock material of an inferior 
quality must be used. The rocks mentioned above 
show more specifically the desirable and undesirable 
structural features to be noted by a merely visual ob- 
servation. 

PENETRATION MACADAM. 


In the construction of bituminous macadam roads 
the lower limits of the French coefficient are usually 
placed at 7 or 8. This requirement includes all the 
trap rocks and many granites, gneisses, sandstones, 
and quartzites. Limestones of various origins range 
from extremely high to extremely low. Where a rock 
with the minimum French coefficient of 7 is unob- 
tainable, as happens in many of our States, the lower 
limit is sometimes placed as low as 44. Where such a 
stone between 44 and 7 must of necessity be employed, 
it is advisable to use a coarser stone aggregate than 
where a harder stone is employed. 

Next in importance to the suitability of the rock as 
such is the size of the stone fragments. The latter 
must be large enough so that the voids contained in 
the stone bed after compaction are still large enough 
to permit the penetration of the bituminous material 
and the coating of the stone. The same principle is 
also carried out in the stone chips which take the place 
of screenings as used in water-bound macadam. The 
stone chips must be free from dust. 

The effect of using an excessively friable rock for the 
stone aggregate manifests itself in the further crushing 
of the stone under rolling with a heavy roller and the 
consequent closing of the necessary passages. Hence 
the requirement to use a larger sized coarse aggregate 
where a soft stone is the only kind available is needed 
to mitigate somewhat the effect of the further crushing 
under the rolling. 

As the chief reliance is placed upon the interlocking 
action of the stone to obtain stability, rolling must be 
done until full compression has been obtained and all 
lateral movement has ceased before the bituminous 
binder is applied. 

The importance of adequate rolling can not be empha- 
sized too much, as a large number of failures or, at 
least, very undesirable features in the finished pave- 
ment can only be assigned to insufficient rolling before 
applying the binder. Unless the coarse stone is rigidly 
keyed together to prevent lateral displacement the 
following application of bituminous material will have 
the effect of surrounding the stone with a lubricant 


which, under summer conditions and under traffic, 


favors the readjustment and constant displacement of 
This will produce ruts and other 
depressions and corresponding ridges over large parts 
of the road surface, which will not only make travel 
unpleasant but will also be destructive to vehicles. 
The condition of such a pavement becomes worse and 


the stone aggregate. 





worse in time as vehicular impact increases and the de- 
pressions increase in depth and the ridges in height. 

After the first application of the bituminous binder 
stone chips are spread, and these stone chips when rolled 
tend still further to key the coarse stones together and 
prevent lateral displacement. 

After rolling this course, and after sweeping off all 
unabsorbed stone fragments, a further application of 
bituminous material is made in an amount just suffi- 
cient to provide a thin coating of the tar or asphalt, 
which is immediately covered with stone chips and 
rolled. It is of the utmost importance that the stone 
should be reasonably clean and free from dust in order 
that the stone, whether large or small, may be properly 
coated with the binder. Dust, if in the form of a 
permanent coating on the stone, will prevent the adhe- 
sion of binder to the stone; if present as part of the 
stone due to crushing under the rolling or as bodies 
of fine material present in the coarse aggregate, it 
will prevent the uniform penetration of the binder. 
Such conditions if permitted will in time develop 
patches of unabsorbed bituminous material on the sur- 
face. An excessive amount of the tar or asphalt in the 
seal coat has the effect of forming a mat of stone ships 
and bituminous material which, being more or less 
pliable, develops alternate ridges and depressions at 
short intervals, giving the road surface a corrugated 
appearance. It frequently happens that the stone is 
placed some time in advance of the spreading of the 
bituminous binder and the stone becomes covered with 
fine roadside dust. The latter condition prevents the 
adhesion of the bituminous binder and only a liberal 
flushing with water will restore a condition that will 
permit the adhesion of the binder to the stone. This 
flushing should be done some time in advance of the 
spreading of the binder. A careful inspection of the 
stone bed is necessary to detect and remove pockets of 
fine stone or excessively crushed material and replace 
them with new stone properly compacted. Good work- 
manship and care in the various processes while simple 
is absolutely essential to obtain satisfactory results. 
While it is possible to spread the bituminous material 
by hand from pots it has become customary to make 
the application by means of specially constructed dis- 
tributing wagons. The latter are tanks mounted, 
usually, on motor trucks and the distribution of the 
hot liquid is effected in a thin sheet under a constant 
air pressure. The latter insures a uniform application 
in a predetermined amount. 


ASPHALTIC CONCRETES. 


The true asphaltic concretes that is, mixtures in 
which the coarse aggregate is united into a dense stone- 
like mass by a mortar composed of fine aggregate and 
asphaltic cement—are quite numerous. They include 
mixtures in which the coarse aggregate is comparatively 
large and constitutes about two-thirds of the entire 
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mass, and mixtures in which the coarse aggregate is of 
a much smaller size and constitutes about one-third of 
the entire mass. These two represent the two extreme 
conditions, but there are other types, as well, in which 
the coarse aggregate constitutes intermediate percent- 
ages of the total aggregate with corresponding varia- 
tions in the size of the coarse aggregate. 

Asphaltic concretes occupy a middle ground between 
the asphalt macadams on the one side and sheet asphalt 
on the other, and are related to both. 

Sheet asphalt is, par excellence, the recognized pave- 
ment in most of our large cities and sustains, with the 
exception of specialized heavy trucking, the compre- 
hensive city traffic successfully. This success is due 
to the fact that a rational formula for the pavement 
has been developed and is understandingly enforced 
in most cases. As sheet asphalt is a pavement expen- 
sive in first cost, early attempts were made to reduce 
the cost by decreasing the depth of the pavement, 
hoping thereby to make it applicable to highways 
where the initial cost had to be considered to make 
them economically possible. 

Without going into analytical detail the results of 
such changes were principally the addition of crushed 
stone to the surface course. In sheet asphalt, the 
mineral aggregate of the binder course is crushed stone; 
the mineral aggregate of the surface course is sand 
and a filler composed of a very finely ground mineral 
dust. The chief function of the binder course, as the 
name implies, is to bind the surface course to the base 
course and to prevent the horizontal displacement of 
the surface course. The interlocking quality of the 
coarse aggregate of the binder course has prevented 
such displacement measurably even where the sheet 
asphalt surface, as such has not been of the best pos- 
sible composition. ; 

By incorporating the coarse stone into the wearing 
surface of a sheet asphalt mixture, it was found to be 
possible to decrease the depth of the pavement and, 
consequently, its first cost. The asphaltic concrete 
type of pavement is the outcome of these modifications 
and when the fine grading of the mixture approximates 
the rational formula of sheet asphalt the results hhve 
been satisfactory. These results have, however, been 
more or less accidental and examples of poor asphaltic 
concretes of both the coarse and small-aggregate types 
are quite common. 


Such failures are principally of 
two kinds. 


In the case of coarse-aggregate asphaltic 
concrete, the life of the pavement is much shortened 
by a poor grading of the fine aggregate which, being 
porous, admits water and causes the early oxidation 
of the asphaltic cement. It also permits displacement 
of the aggregate and causes uneven surfaces. In the 
small-aggregate asphaltic concrete, the first condition 
also exists and the displacement and readjustment of 
the mineral aggregate is much more pronounced and 
produces typical surface irregularities 


manifesting 















themselves in depressions and adjoining elevations of 
some extent as well as in narrow alternating ridges of 
comparatively small height. 

The underlying causes of these defects were early 
recognized in the small aggregate or Topeka type of 
pavements, and the grading of the material passing the 
10-mesh sieve was modified in such a manner that the 
fine grading is now the same as in a standard sheet- 
asphalt pavement. This type is now known as modi- 
fied Topeka pavement. 


USE OF COARSE-AGGREGATE TYPE NOW UNRESTRICTED 
BY PATENTS. 


In the coarse-aggregate type the chief reliance for 
stability has always been placed on the coarse stone, 
and, as the specifications providing for the grading of 
the aggregate were protected by a patent, not much 
could be done heretofore to improve the specifications 
in regard to the grading of the fine aggregate. With 
the expiration of these patents, the course-aggregate 
type of pavement is open to unrestricted use, and the 
engineer has it within his power to modify the specifi- 
cations along rational lines. 

The asphalts used in asphaltic concretes are substan- 
tially the same as those used in the macadams with 
the exception that the consistency is considerably 
stiffer. However, the climatic difference of the vari- 
ous sections is recognized in this type also, and the 
asphalts used in the northern section are softer than 
the ones used in the middle or southern belts. For 
the Topeka type of pavements the consistency of the 
asphalts is somewhat stiffer than for the coarse aggre- 
gate types in the corresponding climatic belts. 

The mineral aggregate for asphaltic concrete is 
divided into coarse and fine. The coarse aggregate is 
composed of crushed stone, and the physical charac- 
teristics are measured by the same test standards 
as for macadam stone. It should be the best obtain- 
able, economically, as the life of the pavement, apart 
from the grading, depends on the abrasive quality and 
toughness of the coarse material. As this type of 
pavement is usually laid to meet exacting traffic con- 
ditions, a stone as soft as is sometimes admitted in 
bituminous macadam without serious detriment should 
be rigidly excluded. . The fine aggregate, for the pur- 
pose of proportioning, may be considered as all the 
material passing the 10-mesh sieve, and may to 
advantage include both screenings and sand as well 

as a fine mineral dust usually designated as “filler.” 

In combination with asphaltic cement and provided 
that the fine aggregate and dust are properly propor- 
tioned, it forms the mortar that fills the interstitial 
voids of the coarse aggregate in the completed pave- 
ment. In asphaltic concrete considerable dependence 
is placed upon the interlocking action of the coarse 
aggregate against displacement, and where the coarse 
aggregate constitutes nearly two-thirds of the entire 
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mass of the pavement very little displacement need 
be apprehended; but the quality of the mortar deter- 
mines whether the pavement is short-lived or whether 
its usefulness shall extend over many years. 

In the Topeka type of pavement, where the coarse 
aggregate constitutes barely one-third of the mass of 
the pavement, this amount is not entirely sufficient 
to place thte stones in close enough contact to prevent 
displacement, and the angular fragments of crushed 
rock passing the 10-mesh sieve supplement that essen- 
tial quality measurably. While, therefore, screenings 
are not so essential in coarse-stone concrete, they should 
by all means be included in the fine aggregate of the 
Topeka types, and sand should be employed only to 
supplement the deficiency of fine aggregate. 

It occasionally happens that a stone in crushing 
will produce only a small amount of material passing 
the 10-mesh sieve, in which event the deficiency would 
have to be made up with sand. In other cases that 
have come under the writer’s observation the prevailing 
limestone rock was so soft that all the material passing 
the 10-mesh sieve was rejected as unsuitable. Such 
pavements are liable to distortion much more than 
where the screenings constitute a substantial part of 
.the fine aggregate. 


TOPEKA WITH BINDER COURSE UNECONOMICAL. 


The expedient in such cases has been frequently to 
place the Topeka pavement on a binder course, result- 
ing in a form of construction similar to sheet asphalt 
pavement. While this binder course may measurably 
prevent excessive displacement, the method appears 
scientifically and economically unsound. In this case 
the cost of the Topeka type of pavement would be 
substantially the same as that of a sheet asphalt 
pavement, while its period of usefulness must of neces- 
sity be much shorter owing to the greater abrasion of 
the soft stone in the Topeka than of the fine sand 
grains in the sheet asphalt, all other conditions being 
equal. 

With the expiration of the patent rights above 
referred to, which determined the amount of coarse 
aggregate in the Topeka types at not exceeding 32 
per cent by a decision of the United States courts, 
the percentage of coarse stone may now be safely 
increased and this would tend to produce greater 
stability. In fact, the coarse aggregate may now be 
proportioned to any intermediate percentage between 
32 per cent of the modified Topeka and the maximum 
of about 67 per cent of the large aggregate types. 
With an increase in the percentage of stone the size 
of the stone should be correspondingly increased. 

Another essential requirement for the fine aggregate 
is a finely ground mineral, usually consisting of ground 
limestone or Portland cement, although other ground 
minerals, if commercially available and of the required 
fineness may be used. The essential quality of this 





dust, usually designated as filler, in addition to fineness, 
is angularity, such as would be produced by grinding. 
Experience has shown that an equally fine material, 
produced by water or wind action, as occurs occasion- 
ally in fine sand, has not the essential qualities and 
should not, therefore, be considered as an equivalent 
or a substitute for ground dust. For that reason a 
limit, usually about 6 per cent, is placed upon sand 
particles passing the 200-mesh sieve, although as high 
as 12 and 15 per cent of ground dust, imcluding fine 
sand passing the same mesh opening, may be required 
in the fine aggregate when properly combined. The 
reason for this requirement as well as a definite grading 
of the aggregate for asphaltic concretes is deserving of 
u more detailed explanation, as the success of these 
pavements depends essentially upon the quality of the 
asphaltic mortar in the concrete. 

If we first consider the physical qualities of most 
sands, we find that they are composed of grains that 
may be more or less angular, but are in any event more 
or less rounded at the corners, due to the abrasive 
action of grain upon grain in the process of formation, 
Consequently, the grains move more or less freely 
against each other under pressure. This applies to 
sands of uniformly sized grains and sands that are 
composed of differently sized grains, not, however, 
with equal force. If these sand grains are bound 
together with asphalt cement they are held in position 
if no pressure is exerted. If pressure is exerted, par- 
ticularly when the asphaltic cement becomes more or 
less plastic under summer temperatures, the sand gran- 
ules are displaced and readjust themselves in new posi- 
tions. If the sand is coarse, or of a too uniform size, 
the asphalt bodies are large and the readjustment of 
particles under pressure is excessive. 


CHARACTER OF SAND GRADING RECOMMENDED. 


If we conceive a sand grading in which the voids 
formed by adjacent sand particles are successively 
occupied by other sand particles decreasing corres- 
pondingly in size, and the smallest voids remaining are 
occupied by an angular dust, we have then a grading 
in which the voids have been eliminated as far as it is 
practicable to do so. Such a grading is used in the 
present standard sheet asphalt, in the material passing 
the 10-mesh sieve of a modified Topeka pavement, and 
in the fine mineral aggregate of a coarse-aggregate 
asphaltic concrete as required by the Bureau of Public 
Roads in its new typical specifications as well as in the 
specifications of the Asphalt Association. 

If we further conceive the voids filled with asphaltic 
cement, the angular dust will largely prevent an exces- 
sive displacement or readjustment of the sand particles, 
even if the summer temperatures make the 
cement more or less plastic. 

Another very important effect of the density of this 
grading lies in the fact that it produces an essentially 


asphaltic 
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waterproof mortar which is, therefore, not affected by 
percolating water or air and the consequent weathering 
action on the asphaltic cement. The latter, in turn, 
retains its plastic and ductile qualities for much longer 
periods than it would in a porous mixture. 

In essence the permanency of an asphaltic pavement 
and its resistance to displacement depends chiefly upon 
the rational grading of the mortar, and this applies 
with equal force to sheet asphalt where the entire pav- 
ing surface is composed of this asphaltic mortar as well 
as to the asphaltic concretes where the mortar unites 
the coarse stone into a monolithic mass. 

It follows that the grading requirement of specifica- 
cations must be followed closely if success is to be 
obtained, and that disregard of such requirements either 
through ignorance or carelessness can only have dis- 
astrous effect, as is evidenced only too frequently and 
more particularly on country highways. In our larger 
cities the practice of building asphalt pavements ap- 
pears to be much better understood. Their greater 
success is due to competent inspection and enforcement 
of specification requirements. This inspection is com- 
prehensive in cities and covers every phase of manipula- 
tion. On country roads, on the other hand, inspec- 
tions are frequently performed by men who have no 
understanding of the subject, and still more frequently 
the only attempt at control consists in forwarding a 
daily sample of the mixture to some testing laboratory. 
Constant inspection and control, both at the mixing 
plant and on the road, are essential and the inspection 
should be done by men experienced in this type of con- 
struction and who have a rational understanding of the 
requirements and are capable of making the compara- 
tively simple tests required in the field. 

The laboratory equipment at the plant to be used by 
the inspector should consist of the necessary laboratory 
sieves and scales so that the composition of the sand 
may be quickly determined and controlled. A pene- 
trometer and an extractor may be desirable under 
certain conditions, and a thermometer is an essential 
part of the inspector’s equipment. 


CLOSE AND INTELLIGENT INSPECTION NECESSARY. 


It is the function of the plant inspector to control the 
grading of the mineral aggregate, the heating of the 
materials, and the process of mixing. The various pro- 
cesses are usually described in considerable detail in 
most specifications and must be followed closely. 

It is unusual that a sand from one source has the 
grading requirements for the fine 


aggregate of an 


asphaltic concrete, and for that reason two sands or 
even three sands of different mesh compositions must 
often be combined to obtain the desired grading. 

-As the physical work of shoveling sand into the heater 
is usually done by unskilled labor, this part of the work 
should be placed in charge of a competent foreman so 
that the sand from various stock piles may be fed into 

















the heater in the correct proportions. The inspector 
will take samples from the hot sandbox at frequent 
intervals and sift the sand to control the grading and 
keep it within the limiting requirement. 

Lack of care in this respect is probably the most pro- 
lific cause of early failure and lack of permanency of 
our asphaltic concrete pavements. 

The temperature limits placed on the heating of the 
mineral aggregate and asphaltic cements have a num- 
ber of reasons. If we consider first the asphalt cements, 
we find that the maximum temperature limit for native 
asphalts is placed at 350° F., for oil asphalts at 250° F. 
The requirement of a higher temperature for the native 
asphalts is for the reason that they are somewhat stiffer, 
at the same temperature, than the oil asphalts. How- 
ever, if maintained at the higher temperature for pro- 
longed periods or if the temperature be materially in- 
creased they harden much more rapidly than oil as- 
phalts. It is, therefore, essential that the maximum 
temperature for the native asphalts be not exceeded. 
The oil asphalts are sufficiently fluid at the lower tem- 
peratures but an increase in temperature is not so det- 
rimental. However, if a higher temperature is used it 
delays the rolling after the material is placed in the 
road as it must cool off sufficiently before effective roll- 
ing can be commenced. 

With reference to the heating of the mineral aggre- 
gate, the same reasons apply both as to the workability 
of the mix in the mixer and rolling on the road. Over- 
heating of the stone will have the same detrimental 
effect on the asphalt as if the asphalt itself had been 
overheated. Particular care is required where the 
coarse aggregate is composed of dolomitic limestone. 
This rock occasionally calcines at comparatively low 
temperatures that might conceivably have no serious 
effect if used in connection with an oil asphalt. How- 
ever, cases have come under the writer’s observation in 
which, after a comparatively short period, the coarse 
limestone disintegrated and slaked out of the pave- 
ment. While such occurrences are rare they will have 
t» be considered. 


ACCURATE PROPORTIONING A NECESSITY. 


In combining the materials in the mixer care in 
weighing the materials is essential and this applies with 
particular force to asphaltic cement. Once the amount 
necessary to coat the mineral aggregate has been deter- 
mined by computation and final experiment that 
umount should be correct for succeeding batches, pro- 
vided the quality of the mineral aggregate also remains 
uniform, and it follows that the amount of asphalt 
should be weighed out carefully for each batch. Even 
a comparatively small increase or decrease has its det- 
rimental effect and will manifest itself sooner or later, 
even if no very noticeable differences are apparen: dur- 
ing the operation. In order to obtain a well-coordinated 
mixture, the materials should be combined by first 
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mixing the mineral aggregate consisting of the coarse 
stone, the fine aggregate, and the mineral filler for a 
number of revolutions until thoroughly mixed before 
adding the asphaltic cement, after which the mixing 
should continue long enough to be sure that each par- 
ticle is thoroughly and uniformly coated. A very use- 
ful field test is the so-called stain test in which a small 
amount of the mixture is compressed in a folded sheet 
of heavy manila wrapping paper. The resulting stain 
on the paper is an indication of the amount of asphalt 
in the mixture. This test while most useful in sheet 
asphalt is also applicable with some modifications to 
asphaltic concretes. 

It is assumed that the mixing is done in a modern 
mixing plant designed to separate the screened stone 
and fine aggregate into separate compartments, whence 
they are combined by weight into the mixing box in 
which the combined materials are thoroughly mixed 
by rapidly revolving blades. 

Cases have come under observation where a definite 
mixture was specified, but the contractor was_per- 
mitted to use concrete mixers and rough field methods 
for combining the materials. The result of such 
methods can only produce uneven mixtures and lack 
of uniformity. Such pavement can not possibly con- 
form to essential grading requirements and can not, 
therefore, have the permanency that should be ex- 
pected. 

It is customary and necessary, although frequently 
omitted, to have a daily sample of the finished mixture 
tested as to its composition. Such a test should be 
confirmatory of the predetermined composition of the 
mixture. This test is in a great many cases the only 
attempt made at control of the mixture, and if so used, 
it is of no particular value unless supplemented by 
intelligent inspection. The sample taken represents a 
daily output of from 800 to 1,800 square yards of 
pavement. The report of the test, which under the 
most favorable condition takes a number of hours if 
made at the plant itself and as many days perhaps if 
made at a testing laboratory at some distance from the 
work, ordinarily arrives too late to be of much imme- 
diate benefit. The plant inspector should be qualified 
and should have the necessary apparatus to make an 
extraction of asphalt from the finished mixture and 
make the sieve analysis of the composition of the sample. 
Only in such a case has the test any value, as a remedy 
xan then be applied immediately. The subsequent test 
made at the testing laboratory would, in such a case, be 
a check of the test at the field laboratory. 

[t is customary particularly in the construction of 
country roads to obtain the asphaltic cement ready 
fluxed and in that case the penetration requirement 
van be checked a sufficient time in advance of the begin- 
ning of operations. In the event that the asphalt 
and flux are combined at the plant, the laboratory 
equipment should also include a penetrometer in order 








that an asphaltic cement of the required penetration 
may be prepared. The penetrometer is also useful 
if it is found that the ready-fluxed asphalt cement 
differs in the penetration from the specification require- 
ment. In such a case the correction can be controlled 
by the addition of asphalt or flux as the case may be. 


THE ROAD INSPECTOR’S FUNCTIONS. 


The inspection on the road while of relatively less 
importance than at the plant is, however, usually 
done in some perfunctory manner. Even if the road 
inspection is competent, it is then too late to correct 
any serious errors made at the plant. The road in- 
spector’s function is primarily to see that the mixture 
is carefully placed and rolled—an important function, 
because the manipulation in the road determines very 
largely the behavior of the pavement under traffic. Of 
primary importance in placing the pavement is the re- 
quirement that the base course shall be clean and free of 
loose dirt or dust. As no binder course is required in 
asphaltic concrete the rolling is made difficult when 
loose dirt or dust favors the so-called shoving or push- 
ing of the hot asphalt mixture under rolling. The 
presence of such foreign material often leads to check- 
ing and cracking of the surface under rolling, particu- 
larly in the Topeka types of pavement. When the 
pavement is to be laid on a broken stone or macadam 
foundation, it is particularly necessary not only that 
the stone course shall be consolidated well, but also 
that all free sand or dust shall be swept off in order 
that the mixture may come in immediate contact 
with the stone. Where the foundation is a cement 
concrete the latter should be slightly rough and if, as 
happens occasionally, a surface shows excessively 
shiny or smooth a thin paint coat of asphalt should be 
applied before placing the hot mixture. 

When the mixture is spread, the load should be 
dumped sufficiently in advance of the face of the 
‘material already laid so that. it will be necessary to 
shovel the whole load into position for raking. Only 
if the material is uniformly loose and of uniform depth 
is it possible for the rakers to produce a surface that 
will remain free from lumps due to uneven compression. 

In order to have an effective control of the depth 
of the pavement the inspector should have the neces- 
sary information regarding the specific gravity or 
density of the pavement. 

The density varies with different types of mixtures 
as well as with the varying density of the mineral 
aggregate and asphalt composing the mixture. The 
theoretical density is proportional to the volumetric 
percentage of the mineral aggregate and asphalt and 
their specific gravities. This density which should be 
determined by computation and test, ranges from 
about 2.25 for a sheet asphalt mixture to 2.60 for a 
coarse-aggregate type of asphaltic concrete, if made 
of trap rock. 
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While in practice these theoretical densities are not 
obtainable absolutely, the actual densities should not 
differ materially from the theoretical; otherwise it is a 
certain indication of a defective grading and implies 
generally an excessive porosity. If the mixture is 
delivered on the road in definite weights, as is cus- 
tomary, it is practicable to assign a definite space for 
each load, thus insuring uniform depth of pavement 
when ultimate compression has been obtained. 


RAKING REQUIRES CONSIDERABLE SKILL. 


Raking is work requiring considerable skill, and the 
function of the inspector is principally to control the 
depth of the pavement and the correction of defects 
that may occur under the subsequent rolling. The 
latter are principally checking (i. e. the opening of 
fine cracks), irregularity of compression, and irregular- 
ities of surface at points. These defects can ordinarily 
be remedied if attended to immediately. If hair 
cracks occur, which are usually due to creeping of the 
soft surface mixture on loose material under rolling, 
loosening and reraking will ordinarily be sufficient. 
In more severe cases the defective portion must be 
cut out and replaced after removing the responsible 
foundation defect. 

The rolling of a Topeka type of pavement requires 
a tandem roller, and the rolling should be commenced 
as soon as it is practicable to do so. If the material 
is too hot when placed in the road there is too much 
delay, aside from possible defects due to burning; if 
too cold, the necessary compression and the maximum 
density can not be obtained. If the latter is obtained 
subsequently under road traffic it is at the expense 
of uniformity of surface. 

After the first rolling, which is generally parallel to 
the axis of the road, the second rolling is diagonal on 
the more narrow country roads and cross rolling on 
city streets. This has the effect of ironing out ridges 
formed during the first rolling; it also introduces a 
kneading action necessary to produce the interlocking 
of the coarse aggregate. After the cross rolling and 
after all surface corrections have been made Portland 
cement is swept over the surface and the rolling con- 
tinued. It should be pointed out here that the surface 
finish depends entirely upon rolling, also that one 
roller will only roll satisfactorily not much over 1,000 
square yards of surface. If the plant capacity exceeds 
that amount per day, as is frequently the case, at 
least two rollers should be employed. Even where the 
smaller amount is laid each day, a second but smaller 
roller, would be ‘of advantage, as the first rolling can 
be done somewhat sooner than if only one heavy 
roller is employed. 

The requirement for efficient rolling is not enforced in 
many cases, and the requirement might reasonably be 
made plainer in many specifications. 


(Continued on page 36.) 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jan. 1, 1920, to Jan. 1, 1921. 


Crushing| 
strength,| Weight) 
| pounds |_ per 
per cubic 
square | foot 
inch. 
(2 174 
(2 166 
(2 146 
(2 
| (2 
( 
(: 
(2 


148 


164 
134 


155 


TESTS OF ROAD-BUILDING ROCK IN 1920. 


HE following tables give the results of the physi- 
cal tests of road-building rock made in the 
laboratories of the Bureau of Public Roads 

from January 1, 1920, to January 1, 1921. 

of material from 33 States, the District of Columbia, 

Canada, and the West Indies are included in the list. 
Taken with the preceding reports of tests made in 

other years, these annual reports of material tests con- 

stitute a record of the characteristics of road materials 
which grows more and more valuable year by year. 


Absorp-| 
tion, French 
| pounds nue coeffi- | Hard- 
| per wear, | Clentof| ness. 
| cubic wear. 
foot. 
0. 57 10.5 15.3 
. 34 6.4 18.0 
io 8 3.7] (2) 








| 
(2) | 4.0 10.0 (2) 
3. 18 | 3.9 10.3 13.0 
} .80| 3.4] ILS] (@) 
| 2.10] 3.5 11.4 io? 
2. 26 5.1 7.8 17.0 
. Say 5.0 8.0 17.0 
| 2,57 3.8 10.5 13.0 
2.69 | 3.4 11s 17.3 
| Se] 3.6 11.1 (2) 
(2) 2.2 14.0 (4) 
4.01 4.7 8.5 15.3 


3. 92 8.6 4.7 16.7 
3.53 6.7 6.0 16.7 
2.8 5.1 7.8 Ai 


9. 


238 3.6 11.1 18.7 

4.03 8.2 4.9 (*) 
-47 12.5 3.2 11.3 

3: 1.7 23. 6 8.7 
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2. 43 iy | 25) we 

| 975] 10.9| 3.7 .0 
9.64| 11.8 3.4 - 


Tough 
ness. 
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(2) 
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2 Test not made. 





The results of all tests made up to January 1, 1916, 
were published in Department of Agriculture Bulletin 
No. 370, entitled “The Results of Physical Tests of 
Road-Building Rock’’; those made during 1916 and 
1917 were reported in Bulletin No. 670; the 1918 tests 
were recorded in Public Roads, volume 1, No. 11, 
issued March, 1919; the 1919 report was printed in 
Public Roads, volume 2, No. 23, issued in March, 1920; 
and the following are the results for 1920: 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jan. 


Serial | 


No. 


16746 
16192 


16196 
17458 


15457 
17198 
17503 
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15444 
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16155 
15955 


15899 
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1 Exact locality not known. 











° Crushing y, 
‘ strength,| Weight 
Town or city. County. Name of material. “ pM 
| square | foot. 
inch 
| 
ait a ae Se a Se . | 
KENTUCKY. 
DN tt oases git ais Sele aaa LO er | Feldspathic sandstone. ................. (2) | 153 
| Ce ) INE 3 Codie ene woe ces exiwe ici (2) 167 
So Se ee eee | Ferrugineous sandstone...............-- (2) (?) 
ewe Bs capac te ssh, cckegciwe pane ele sinc nnn acis sacuieds doe] ee de slomiia oe dbGnGeisdaaviediaisia st (2) | 167 
alacaha EE ee, er eee REE: -<apubeninonbebheanasanebabonennene (2) 167 
cast at | Ra eee vibe ri lee aia amen arise | (Fe REESE ee CE eee ae ea (2) | 169 
Nicholasville. ............... | NEERING 5 6s asicinuvenowoeses Avgillac sous Hmestone... ............0.<- (2) | 171 
ae | Ee! ee eee lll ee ee eee (2) | 167 
East Bernstadt.............. Es wauncnnaauameneoweud Feldspathic sandstone. ............. ay a i ae 
Brackenburg................ | ER pe ee Argillaceous limestone... ...............- (2) | 143 
Harrodsburg ................ TE dincnancvnuedecndawans Crystalline limestone..................-. (2) | 169 
hemes _, es eee | eer een ae 
ee ae Sa | CCOCNEN GORING... 6 os oo csc cse cee cwese (2) 170 
(1) SD ivicnndcccemenkieodoce Calcareous sandstone..................-. (2) 147 
PN odin iS etcwuswacstces ERE, Ee eee (2) | 163 
MAINE. 
| Mount Desert. .............. PE 6.0K ausdbeeaeapsesse oc NE a AAS AOS AO (ys | 164 
Swans Island................ Bue * EE ee ee | PUI NNINEDO SS 5 65s oti tiecsdinccsneaasics 36,530 | 163 
eo eee | Ee reat Sar RESCH RE ee eee 24, 915 | 168 
ieee | SE SS eS eee SS Ee ee eee A 168 
See EA EA OS: Se eae) Eee Ree en ey 169 
MARYLAND 
(1) ND oiaicencanwcasencase a a (2) 172 
Pa ons Leckvexycacwastaoert _ a eae Co ee (2) 162 
Greed Ey eA: Sa eer e Fe ES eet ee eee eee ee (2) 138 
aE | SE SAS” TRS SRE C ee Se SSR EO Se an cena (2) 166 
<euds | EERIE PS eens ace ee ener nea 175 
Se eee 2 SSS, nae (2) 169 
(1) Ee eee HIOFNDIONGES GNC... i 0c cccssccccesce (2) 167 
MASSACHUSETTS 
cos. cae caedces Berkshire. .................. ca ae Cd (2) 172 
TL: ae | Hornblende gabbro. .................... (2) 189 
BewtRbeiGae.......ccscscccse PT i iiscudinanwncseant IT UE ashi uoeein Scknpenaevaets (2) 172 
MICHIGAN. 
Seofield........ ence WNUNS «bc odovadcivtecwaacs Mah iascececasidastadcaesorcacsses (2) 163 
MISSISSIPPi. 
Se ee PORN acc acradenantannares NE a ones Onyckeasakieucawe unui (2) 124 
MISSOURI. 
(4) Cape Girardeau............. UE os a caxisaycwcckvysscucuisesnes (2) 168 
MONTANA. ; 
“ saecleaneerice tous tees mega eee Quartzite....... Whine tates aah cae ced atetink (2) 162 
| EE EO epee mares _ REE RS Aer eee ey Mh acarSCicmacteiedcuscnwceeenetio’ (2) 163 
oS” eer Lewis and Clark. ........... I city Js aa cunudsoucassaesuy (2) 212 
acc caddecamiscucuvensen , Res SRNR IIE os isc coher wiccucereconse se (2) 122 
NEBRASKA 
St Ee eae NL <:aasenstuiaause erakwctaeat Argillaceous limestone. . ... sce: orasiet atta (2) 163 
none RNG Selle se se wdh ea net 02 ecw SIs 0.0: x we epee lciephe wince acall) EEE oc SGarcSema vaexemencames (2) 130 
NEW JERSEY 
iitdccaudsnedsnsvstucee bint ues Ria sicccnccnesccnae Oe (2) 177 
Ste sdeihotutesddbnckcnnancleoeed ig teswalierncrdcneceteeeied i «ands thedeheweaner eb cnerwb enka (?) 77 
NEW MEXICO | 
Lehaceteiy Sarde waite ie aideGG-warnCar San Miguel..................| Siliceous clay limestone................. (2) 166 
Soe See oe A Calcareous sandstone. ................... (2) 152 
NEW YORE 
BEE an ee NU cae ao oe uadecenencaee eee eT CO el CO Oe eee (2) 168 
_.. SEES ae prea arers Seen i ___ ER errs ei. MS aVeniicutuatantsceskdevcidaneeeus (2) 164 
Mini sase ssn eudduwnateduees 5 °° RiiNpteieacienabeecy RE eae eer enn eae (2) 179 
| SRS aR IS OSS | | | | ar Sandstone. EEE ERENT es (2) 152 
paneer STE tne To bs ina ie imsorireceaGa kT a en gS einen wsatoweekew as Walaa (2) 150 
Padus bcbeccckdniekbn eevee | ee ee meer: iaatineseen eae ee (2) 173 
NORTH CAROLINA. 
EON So 2555 caivealucinay SINS. < <n cca ewevinenics Ni oe ati. is waracyceeencai (2) 181 
ee | | nee ees Hornblende gneiss. ....................- (2) 185 
eee i aes Biotite gneiss. ....... Ea er ee ee (2) 166 
oc a R= Se aire a ON rena eiwi anew outage (2) 162 
RE renee eo er ee a a a eee (2) 180 
Winston-Salem.............. , aa ae eae (2) 170 
a Ee ERE Quarts and quartzite.................... (2) 164 
Piecewise ieiacxdescescunsecotdesu SN ds ic shears ware, elocoiew ote aa pe ee ee: (2) 190 
eer BN ihuccabccanekukaaase Hornblende quartzite. .................. (2) 170 
Hendersonville. ............. aa | Gneissoid granite. . Se saaan ews mermankeain (2) (?) 
Oe eee ee Fe ae IN a5 oo oq cavedeawecsease nna } (2) 168 
Swift Island Ferry. ......... PIES aon sence diuwes I i rs a a cate } (2) 185 
Monroe balGeteueewanweanaade SRR RE 0 a ee | (2) 173 
Mn Cera cen rein endinay he See |; lc kl ee (2) 167 
Raleigh ie eeasetnuneacdnunees PE chievascewredecsdounee Hornblende granite. .................... (2) 168 
DG c:caridahucntaucesmees Ra kncccnwntuntigecwoes EOP SUID. oc csaccteevesecconsas (2) 164 ! 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jan. 1, 1920. to Jan. 1, 1921—Continued. 
























































| ] ; i salina 
| : | Crushing Labeorp- | | 
— strength, | Weight} tion, Per | French 
— Town or city. County. Name of material. pounds | per = cent of | Coeff | Hard- | Tough- 
No. per cubic | cientof} ness. | ness. 
| square | foot. | ontle | wear. | wear. 
- inch. | foot. | 
| 
OHIO i 
NR ie: crar cigs waa pain anes seoein BUNS 2c ccxtecaoactinecon RNNORO. pisces ence scikstsessucecaek (2) 173 | 0.60 5.5 7.3 11.0 (2) 
16660 Springfield BNcacaechasemio tenes ean Micaceons sandstone... ..........0....0- (?) 141} 7.30 | 19.6 2.0 (2) 3 
WN es pig ciniwcnn'xininse Sogn oiatigkiee MINERS Scccoceccacccacaun PO ees eee (2) 168 -78| 10.0 4.0 7 6 
17062  S SE PEE CSS: cae tcc seal Deseo aiacecbete acne cd nea 18, 575 71) 17 | 5.5 31 1800 5 
co Aha) SS ee ee See aor LL REE ee eee ene Pea (2) 157 | 45 10.0 4.0 (2) 6 
15888 | Marble Cliff. ................ PRE nc aeaainecawoatous Argillaceous limestone.................. 25, 900 166 | 1.52 | 4,7 8.5 15.3 7 
OOO Pe PMN ic ogeccseicnce ceneereahanee RI etree ee Me eaesehr a Uaicraand Uy cckssdslecincen (2) 167| 1.39 4.3 9.3 (2) 7 
PAGAT || COMNNMERS . - aca sacemenstooocs REC ay Blast furnace slag. ...........-...------. (2) 139} 5.44] 12.1 3.3] (2) 4 
tf, ae et IE RE oe Argillaceous limestone. ................ (2) 162] 1.14 5.4 7.4 @) | @ 
Bf IR a oo sicns ccs. asnk oeanblocaad = SE SOE er ner’ “aid eee entas ew Ac wkaareeeake (2) 165 1.44 4.0 10.0 14.7 6 
OPE rumen OOS acne w cide Serco bee cians ah ase cscs ate eo Eo ora ccc kes sae oR Soe eek (2) 1A6 1.50 1.5 8,9 (2) (?) 
16417 Kenton RP ones. ST oe Haram Rdsnitete cieaerc cies aed Geiemniié petikwnaeateven @ake nerds otccsa (2) 168 2.12 2.9 12.9 (2) (2) 
Me ra Seaswci cats nan aco cwoadataan OO SSE as: Argillaceous dolomite................. (2) 163 3.91 §.3 7.8 3.7 5 
15996 Ironton Papaeses oes seus valence MINI oo hots 5 okt owe WEWNGS DICNGON BIRT - 5. oc icccmccwescenens (2) 148 4.08 7.2 56 18.0 9 
15997 |....- ee SARE rm Se: Maso ic wirirwaicic ae ernest ieee * SERS) ee eee (?) 153 3.47 ye 5.6 (2) (2) 
ROC4e | WONDTNIMOS « coccsccencsccewnts I actalo odes arerdlaaiencsialerce Magnesian limestone.................... (2) 163 | 2.07 6.9 5.8 1.3 5 
16290 | Youngstown. ..............- PEO oo caeccasasces || HABMU LRPNACG STAT. go. sc cccc csc cw escccnd (2) 201 3.07 12,8 | 3.1 (2) (2) 
17505 |..... SRE Sa einer sieee) es 8 __, EE ae Saeenenet Pde 2 | SRS See ee eae aeee (2) (2) (2) 26.0 1.6 (2) (2) 
17504 |..... Oi cs si wasicennicoee 0 Re eee: Se LE. Rs orien cid hyege oss wach ss ats (2) (27) | (2) 20.1 2.0 (2) (2) 
OEE AN haredlaartes Capded sasacdeos MINS a tigcacicc tae nase Feldspathic sandstone. ............. (2) 143 6. 78 v fe 5.2 0.0 4 
‘ne BE Sa eee erent (eee SR ee eres ET | EASE RSE SRO SS ee (2) 138 7.61 10.5 3.8 0.0 ) 
16922 — SDR e SSC Grace ce tae Manele ee | SRRERRESRES 92 foe Saareeaaeo oP. en RES Se Ee eee eee (2) 168 . 26 6.5 6.2 12.77 6 
et ES amine (Car - Eee ee Argillaceous limestone. ...............- (2) 164| 1.32 1.7 8.5 15.3 | 7 
16547 | Woodvilie. 2122222022227. GROIN. ce osccaSsinentess GOONER Sete saw iekden cide (2) 162 | 3.53 AS) Ree | 6 
| | | 
OKLAHOMA | | | 
ne ee res : Bry ON See ee ES Se aT oe ee (2) 166 1. 46 4.9) 8&2 15.7 6 
ne <I CREES ee re Seer mend shear: Mba Loscicessiet Hacasees Fossiliferous sandstone. ................. (2) 167 . 20 4.9 &. 2 14.7 7 
PO INN sii oars wee wninaecixweelinested MG eerie Se wis ninsoes tee Calcareous sandstone. .................. (2) 154 5. 32 | 6.8 | 5.9 11.3 7 
ed ee a eens Bee | TE” Eee Argillaceous limestone. ................. (2) 158 3. 69 | 6.1 6.6 14.7 6 
Been 1 OND 6. 2. ec sacowasadivane IN G55 6 warcedinwcardkeee SEES Oa eee pees (2) 143 5. 02 15.8 2.5 (?) (?) 
ec o SR ee | einen aa. MP Wamndecewavae aswekeecuseceneicoaes (2) 156 72 2.3 17.4 18. 3 13 
I PAPI ooo bniac carsitaincwmarraetteeee Sen RE Ee nee ne |, Semis MR inion earatio nH arses nec cee eesae (2) 159 1. 88 L7 23.5 18.3 12 
16062 |..... Reena tela eeercuouiana sectoral Be ae che int aden Mca adaag ck acnebeacone ere Leen (?) 155 2. 28 1.9 &. 2 (*) (?) 
FOG0r | EAMUCSNOUNG. «oo. o.cc cence Ce: ee ae ee po aener es em eS (2) 168 . 49 | 1.1 9.8 15.7 5 
BOeee | CRPMOOS 6 wg ic oe cece ween i. eee eee eee (eee: - Petiaen Reena ape enaniweus te easanins (2) (7) | () 4.2 9.5 (2) () 
16586 | Sand Springs................/..... CESS ee ee: (Seen SSR Oe ee ear ae (2) 159} 2.63| &2 1.9 11.0 5 
a wer pein erie aore ea Ned vise es aaa ee = btists axe eeoiinar weneewes iaenons hae MM ciwec stenosis (2) 161} 1.93 | 5.8 6.9 13.0 5 
| ee Sa eee Same: __ SEAS Sore ener bate, Reis ecivain neces weaned encaeeeeewe ton (2) 164 | 1.07} §.7 7.0 12.7 5 
15790 Lost € | RE RR Leet. MS a rikapdeeekai texans PRE aca ar baeacct sesso ntunes (2) 163 | 3. 03 5.7 7.0 (2) (?) 
i) SASS POORER TON: UE: SE een ie. | Re ee eee (2) 161 | 2.50 7.4 5.4 13. 3 | 4 
See en eae | eee Sse ay asceakineena Argillaceous limestone. ..........0...... (2) 163 | 59 6.0 6.7 12.0 6 
16826 Sand PIN sacs Socio asaecnee Won aceauuwerwcauked EPIRIVOG cscs sino cade cared hen iawesceeue } (2) 166 | 66 5.1 7.8 13.3 e 
PENNSYLVANIA. 
| 
oe yt ee ee Re oct eons tacaeuad a ne ee Re eno (2) | 189 53 1.8 22. 2 18. 7 34 
ol) a eee 6 Pa ee ere PRMIOOROS cv cicwiccmwenseabseccaacascd cue 19, 470 | 161 RR 4.2 9.5 15.3 6 
PO PRONG ois acacia wig ncecincied — SD  Ses eaeean. MU ieaos neva assuubasateonsxeerncce (2) (2) | (2) | 3.0 13.3] (2) (2) 
ROGer | Wome WG. ois cncccscecas ERE eee rk Sa eee rey eee eee (2) 1 @b-4 2.3 17.4 (2) (?) 
15440 | Donaghmore................ ee aee res Blast \ sae ke RSS ea ee (2) 123} 8 50| 8.8 4.5 (2) (?) 
15441 | Hokendaqua................ Lenien:......... BOE ENA SAE ies Smee emmgan (2) 130] 7.70] 17.1 25 12.3 3 
16587 | Green Lane................. Montgomery.............- --| Silic cone 0 SEES Oe ea Sea eae (2) 172 | . 38 4.2 9.5 18.0 10 
15439 | Bethlehem.................. Northampton..............- WOIGSU TURTTUNOS SAG 5 oss ccinccncsccesccuss (2) 139 | 5.19 20. 2 2.0 12.3 3 
SOUTH CAROLINA. | | 
BOGE NOUR ooo os ccc cncddeoenes LO eee IUD acc cad Dooce Seb ckusiesik (2) 164 | 74 | 3.2 12.5 (?) (?) 
SOUTH DAKOTA | | 
nod ® a Ye A Oy ER Se! 7. RS oe a mer 008 Deg gkaneh peed owe ciemubeoae (2) 149 | 1. 06 | 9.3 4.3 16. 3 6 
sata dite inane hile gue nte aiace Wie alll ate Ree wk glee ib tinea o Mise eudenenel Tg a Whine edad bab ew cde aaah dene aawe (?) 148 1.52 8.6 4.7 (*) 2 
Re | NID ot voc cinnlaccvckasadodlactos po Be cees eee near Siliceous Tmestane ....... cscs .cccecns (2) 144 | 4.19 | 24.8 1.6 5.3 ” 5 
16465 |..... (NE SARE OES Une eee ESS EEL eae Se Ree ee Tuffaceous limestone. ................- (2) 138 | 6. 12 10.9 3.7 (2) 7 
TENNESSEE | | 
RO IBN raiciacn vay ccseauake ced ae eee, ee ee re @ | 90 | 21.32] 43.1 9 (*) () 
CS a rr er MII So oto des ona Argillaceous limestone.................. (2) 168 | .47 5.0 8.0 15.0 8 
EOOe | COMERVEIOS «55 sccecciccecweun MOnUtROMETY ..... 5.2.6. cccces MINI 5. Gero ao Sarcoinec acs uesew ous (27) | 158} 2.05 4.9 8.2 9. 5 a3 
15897 | Copper Hill................. YR econ noch oentenn con CROINOR SU oct Soc cana cossadibon. | (2) | @) | @) 5.5 7.3] (2) (2) 
TEXAS | 
sn at, ne PN oc caine vive ekweniemes Argillaceous limestone... ............ ’ (2) | 162] 1.42 6.7 6.0 (2) 5 
17633 | Fredericksburg... ... RRR ee ee: OUND ce ator eee oct acc cancecexs (2) (7) | (2) 6.9 5.8 (2) (?) 
an Eo eee aay es: Ferruginous sandstone.................. (?) 165} 4.72 21.3 1.9 (2) 11 
16828 Grosbeck Rede okie need aeatpare Sele BND oo la cores Siviawmeen SSECOOS TIINOSUOTIO. 5... c. .ccnc cewcecces (2) 158 | 1.32 6.0 6.7 14.0 & 
Lu og ra eee RUNES oavaxacaniies cu seacd SRI oo 6 Nica ie cities de oes bowen (2) 164 | . 38 2.3 17.4 19.3 21 
17442 | Madisonville................ PRM oh soi sicinrinnastion sat enone eee (2) 135 6. 62 | 5.8 6.9 13.0 9 
EIT? | PROEVENDs.... oo ciniesevesecenas RINE ae cere Stiacnccmwedenes Ferruginous sandstone. ................ (?) 177 | 41 5.7 7.0 17.3 11 
TIGEe | BVIGMGGUID . . onoscsccaccavcsclaaees SA EA. | SS ROM ee as Relate lems area Sibiak es aie (2) 166 | 8.47 27.3 1.5 12.0 4 
EURO | BON ANGOO. 25.5 oss occcwaccee EY CAWOGI 5.5 cis. sioisidveices Limestone conglomerate.... .......... (2) 165 1. 21 5.6 r 17.6 5 
| | | 
VERMONT. | . 
RGOR2 | RANG co. Soci cicwccsscavns MAINE soccer a eae Dicacaeehmat ces ey | @® | @& | (2) (2) 12.6 | (4) 
VIRGINIA | 
15887 | Charlottesville............... MieMaTNS. . ......0.s0005s000 be MEMNEI 50.5 orc1 on ac isis oraeclie welts Foe eos (2) 182} 1.47] 6.8] 5.9 15.0 7 
MME oo ecsicu et cecil sauces omaetbeeen Ne ifochidvanxcacecose 1 ERR Pte EE ESS Se SR Spree (2) 169|} .77| 5.8] 6.9 (2) 12 
Race | MOMINED. 3. os caccanntanvelees I Es sicircuiarciciceoe ___ SERRE ES ee a ee ere (2) 152 1. *6 12.0 | 3.3 2 (2) 
oe SEE EEE EEE SN. CO eS eae SE ie ee es ane (2) 172 48 | 5.5 | 7.3 15.3 10 
le ak fe EET, FS Mei ora oa’ aaa Argillaceous dolomite He Sarcemones (2) 174 . 34 | 28) 143 16.7 19 
NRE ea ccliccionncdcsdasciiacecgiods | A eae ®: Hornblende gneiss. ..................... (2) 187 :73| 10.0] 3.9 16.7 4 


1 Exact locality not known. 2 Test not made. 
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Results of physical tests of road-building rock from the United States, Canada, and the West Indies, Jan. 1, 1920, to Jan. 1, 1921—Continued . 


| | crushing la Absorp, 
strength,| Weight| tion, | 
pounds per pounds} , 
Name of material. | per cubic 
| square | - foot. 

| ‘ | inch. 


Bi 
Town or city County pe nt of 

_ - square ‘wear. 
| foot. 


VIRGINIA— Continued. } 


Calcareous slate | 
Saltpetre Cave do ae econ roa icaehekdm ines 
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Lynchburg Dolomitic marble ‘ | 
do 
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Hornblende schist 
Ee ener | 
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Chlorite epidote schist................... 
Hornblende epidote schist............... 
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Strathmore 
_— i pemen eg 
Biotite granite 
Limestone conglomerate 
Caleareous sandstone 
Chlorite epidote schist 
Crystalline limestone 
ee re eae een: Conglomerate 
Belmont Park Gabbroitic diabase 

do 


_ 
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ee _— 
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Altered gneiss 
A mphibolite 
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_ 
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ee DO ONO ON RON OID OE DDN OOP NN 


ur 
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Argillaceous limestone. 

Siliceous clay limestone. ............... 
Siliceous limestone 

Limestone. 
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AD PNM UHH END HW HNNWN SE SMO 
ow AWwWawwowww 


GERSBOUS CUNONEOS one ccccccccescicccces " 
Dolomite 

Quartzite 

Limestone. . 
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A orem limestone 
Silie e0us limestone 
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WEST VIRGINIA. 


INN. oc cen sicennweece’ Harrison 


, Feldspathic sandstone. . 
Kearneysville. .............. Jefferson 
_.do 


Limestone 
Argillaceous limestone 
Sandstone 


ny. oe 
25 & 
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PPro WD WH 9% 
—WweoSworcwaianu 


Surveyor 
Cranberry 
Beckley. 
Price 
enah y 


CANADA. 


IO O10 
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mrpmnm, .. N. 


pee OLD AOWO ADA 
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| Dolomite 
| ore do 
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15864 Yi ic Se ingo Province....| Crystalline limestone 
15865 d 1 Fragmental basalt 
15866 } i 

15867 | Crystalline limestone 

16101 Argillaceous limestone 

16103 | Altered basalt 14 | 
16104 Altered andesite | 1.26 








J1Exact locality not known. ‘Test not made. 3 Classification not known. 
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STATUS OF FEDERAL AID, APRIL 30. 


NDER construction and completed on April 30 close second. In amount of work under contract Texas 
there were 22,210 miles of Federal aid roads, leads with 1,622 miles, followed by Nebraska with 1,171 

almost enough if connected into a single road and Minnesota with 1,147. 
to girdle the earth. About a quarter of this mileage 
was in projects which had been entirely completed and 
the balance in projects still under construction. A 
fair idea of the progress which had been made on the under contract on April 30; and there was a balance of 
uncompleted roads is to be gained from the fact that slightly more than $100,000,000 available for new con- 
the reports of the district engineers indicated that 50 tracts. 
per cent of the Federal money set aside for them had 

been earned by the States. 

Minnesota with 597 miles leads all the States in 
respect to length of completed projects with Texas a 


Of the total apportionment.to all the States amount- 
ing to $266,750,000 for the five fiscal years 1917 to 
1921, inclusive, almost two-thirds had been placed 


If contracts are let during the present season 
at the rate at which they were handled last year, the 
last project to participate in the present appropriation 
will be contracted for by the end of May, 1922. It is 
probable, however, that the average rate of 7} millions 


' TABLE 1,—Financial statement as of April 30, 1921. 


Federal aid 
| Total appor- in work Federal aid 





| 


Federal aid 























; Federal aid che ieee Amounts Balance 
Yt ‘ “ia | under con- | available for “tage tig pleted work > : Federal aid . 
Deane. | ser ech | struction. new con- pleted pont 2| on sa ina ved brates earned by State. 
| oa and tracts. "| under con- pani a States. 
completed.! | struction. 
MIGWONID..<....00cccvoncscsiscseceseccscccsccecescn| SOTTO SES | “OR800410-| 98.000. 049 | “Si-585 466 | $298,945 | $1, 286,318 $249,147 | Alabama. 
WN a eins can kcuidkie Susewataamignewatummacewee | 3,771, 351 2, 800, 686 970, 666 2, 159, 902 | 640, 784 1, 074, 920 1,084,982 | Arizona. 
I os os Win ae awe ee ewawt Mek eereaaer 4,619, 929 2,913, 773 1, 706, 157 1, 732, 309 | 1, 181, 464 836, 624 895,685 | Arkansas. 
Cia cleans Suiccioewoas doh Wie ubheaeaawene eal 8, 384, 354 3, 445, 208 4, 939, 147 2, 554, 064 | 891, 144 1, 855, 995 698,069 | California. 
NIN Seicowkae covieic oat cee ceemuntbuesnenacean | 4, 780, 064 2, 070, 746 2, 709, 318 1, 453, 028 | 617, 718 1, 251, 301 201,727 | Colorado. 
H | 
I  o55 oss sncn secs ance asenssinosans | 1,689, 324 981, 823 707, 502 303, 782 | 678, 041 168, 647 135,135 | Connecticut. 
a ae oe el eer scene 447, 655 a eee 399, 055 48, 600 308, 035 91,020 | Delaware. 
Oo Ses Senta ten Moupuceoaias | 3, 150, 112 2, 605, 601 544, 511 1,081, 878 1, 523, 723 363, 137 718,741 | Florida. 
05 ate waenacan acs ewiatasesdeleancaesaaes 7, 407, 579 6, 777, 174 630, 405 4, 554, 152 2, 223, 022 3, 521, 735 1,032,417 | Georgia. 
OE atta ats S alas ee toiouranmemaraaea ae | 3, 360, 389 | 3, 043, 750 316, 639 | 2, 008, 016 | 1, 035, 734 1, 345, 682 662,334 | Idaho. 
NE eons Sew edinaccncaaneeeknuecewueats eee | 12, 024, 267 11,603, 774 420, 493 | 8, 220, 428 3, 383, 346 6, 498, 117 1,722,311 | Illinois. 
RI eascic.cis' helaasetcn Maine knees eae aanlwein eae | 7, 415, 293 2, 695, 235 4, 720, 058 | 1, 275, 815 1,419, 420 978, 058 297,757 | Indiana. 
MEE led ak nihinns acre wet inncn weaieete Cae 7, 939, 343 6, 340, 334 1, 599, 009 | 3, 713, 051 2, 627, 283 1, 505, 000 2,208,051 | Iowa. 
Dia orn dace casa yakcegeeeMubauucicenaaeee 7, 895, 309 4, 888, 166 3, 007, 143 | 2, 521, 162 2, 367, 004 1, 398, 772 | 1,122,390 | Kansas. 
PUN sian ino dib nc eidac aeeaeonainarsaiecaae’ 5, 370, 065 | 2, 775, 497 2, 594, 568 | 1, 408, 326 1, 367, 171 1, 085, 455 | 322,871 | Kentucky. 
| | | | 
EE een eae a Ore = aren ie ere a” 3, 742, 525 3, 730, 264 12, 261 1, 957, 762 | 1, 772, 502 1, 576, 785 | 380,977 | Louisiana. 
MS banc ccna ccs ee conus osu ocuecbuasewamwenee 2, 645, 964 1, 506, 822 1, 139, 142 | 793, 828 712, 994 480, 795 | 313,033 | Maine. 
I oo rarrre eas ee OG Svteince sun's eeseccmeNene 2,390, 749 2, 030, 730 360, 019 1, 701, 360 329, 370 1,255, 185 446,175 | Maryland. 
MEI OWU 56 ecg 000: Sw ion cin me si aniorm seine isivicinteewcear 4, 052, 565 1,941,713 2, 110, 852 1, 236, 512 | 705, 201 953, 095 | 283,417 | Massachusetts. 
PN adhoc cases ccs ineneeslcssenecnsonanaceeee 7, 961, 296 4, 374, 294 3, 587, 002 | 2, 206, 712 | 2, 167, 582 1,411, 716 | 794, 996 Michigan. 
MIN acs So cheese pacueanenere esas | 7,815, 383 6, 813, 159 | 1,002,224 | 4,881,404} = 1,981, 755 4 | 723,067 | Minnesota. 
RMN criaisl scasaeiecwaicinouminn sig knnabeun esa Sec | 4, 951, 542 2,099, 391 | 2, 852, 151 | 1, 225, 077 874, 314 y 397, 802 | Mississippi. 
a I a Th | 9, 322, 076 4, 536, 874 | 4, 785, 202 | 1, 935, 830 2,601, 044 607, 947 | 1,327,883 | Missouri. 
Pca ccam w cana Wnk vais dowabionaaenwe nese aeule | 5, 498, 827 3, 311, 468 | 2, 187, 359 | 2, 207, 418 | 1, 104, 050 1,625, 606 | 581, 812 Montana. 
PIN ood a oe ek ence ue auan neue mcenine 5, 866, 762 3, 256, 565 2,610, 197 | 2,956, 501 | 300, 064 2, 078, 253 | » | Nebraska. 
WN os cle cy ans ei cava sme aee wees | 3,527, 276 1, 258, 384 | 2,268,892 | 1, 010, 040 | 248, 344 773, 123 | | Nevada. 
DRO EINES co cic ccc anscccoonrpeaesesemenes 1, 143, 089 894, 290 248, 799 | 798, 488 | 95, 802 780, 379 | 9 | New Hampshire. 
SIN IINE, G5s ore haven S 2c. Sonam awd ao war emeteee | 3, 265, 299 1, 421,024 1, 844, 275 | 1, 143, 795 | 277, 229 856, 626 | | New Jersey. 
I I a | 4, 389, 795 2, 044, 490 | 2, 345, 305 | 1, 313, 619 | 730, 871 994, 124 | 319, 495 New Mexico. 
PO IES oc co ce occ cecuceuce cae re | 13,688, 802 2, 066, 838 | 11, 621, 964 | 277, 394 | 1, 789, 444 195, 916 | 81,478 | New York. 
| 
PIII os ain wand aciwocbadsadeuteauet | 6, 270, 691 5, 771, 437 499, 254 | 3, 574, 083 2, 197, 354 2, 342, 898 | 1, 231, 185 | North Carolina. 
TE IEE cg sca tiwcuaccssecnaeodsacanduweanes | 4, 222, 488 1, 707, 908 2, 514, 580 | 1, 216, 871 | 491, 037 726, 032 490, 839 | North Dakota. 
ae rien salva sa dneitonee ahaa © a ition iia via ck areal wine abe | 10, 202, 948 5, 361, 739 4, 841, 209 | 3, 108, 805 | 2, 252, 934 2, 703, 181 405,624 | Ohio. 
I nu oa ne pomtann cobawiecn neon eee 6, 338, 246 3, 167,629 3, 170,617 | 1, 328, 696 | 1, 838, 933 417, 221 | 911,475 | Oklahoma. 
NN incivwn clan sods ona cas sce ane caneeeew ensue 4, 332, 178 | 4, 130, 684 201, 494 2, 935, 649 | 1, 195, 035 2, 324, 433 611, 216 Oregon. 
INN oS i ich ones a cial nce Sane aS 12, 632, 644 10, 77 37 | 1, 865, 317 7, 564, 709 3, 202,618 5, 951, 688 1,613, 021 | Pennsylvania. 
ocd one canines icubbcehcobhiabyie 641, 166 450, 081 191, 085 | 265, 050 185, 031 ees | Rhode Island. 
SOUG CMPOUMIR. «oc cciccicccseccns Sapakeouaauewee 3, 946, 618 2,087,615 | 1, 859, 003 1,470, 111 617, 504 1, 022, 318 447, 793 | South Carolina. 
INS > a sic. cccane Suen Sua SewWakndeomne ces 4, 452, 883 2, 968, 993 1, 483, 890 1, 444, 285 1, 524, 708 570, 211 874,074 | South Dakota. 
WIE inca nat aocanwasssnewenh tncxaemaasees 6, 228, 138 4, 193, 581 | 2, 034, 557 | 1, 234, 554 2, 959, 027 407, 826 826,728 | Tennessee. 
a 66s 55S ecncSecnses neces copped owneouen 16, 100, 405 9, 783, 444 6, 316, 961 », 651, 567 | 4,131,877 2, 873, 170 2,778, 397 Texas. 
ME os oar Sp niece Rac Ore kel ate eRe ae 3, 117, 206 2, 505, 621 | 611, 585 797,905 | 1, 707, 716 430, 519 367,386 | Utah. 
WEES 565i s scan guepeaaee mekuiaddeeaueceee 1, 242, 104 500, 379 | 741, 725 184, 823 | 315, 556 164, 435 20, 388 | Vermont. 
25s visichicarice ata neeckasniie’Somkaueure 5, 451, 730 2, 946, 337 | 2, 505, 393 2, 167, 904 | 778, 433 1, 120, 335 1, 047, 569 | Woche 
PIN oven csacaccstancnssancueskaeausoeat 3, 971, 676 3, 885, 517 86, 159 3, 661, 833 | 223, 684 3, 324, 632 337, 201 Washington. 
RNID oo s.c5 4 scae sec aisdienceuisngaewmmoenne 2, 922, 504 2, 902, 504 20, 000 1, 762, 865 1, 139, 639 1, 282, 609 480, 256 | West Virginia. 
L,I ORES SEES RCRE EGER te tee rvsca ey peak Seiea oe 7, 004, 281 3, 515, 455 | 3, 488, 826 2,177,617 1, 337, 838 1, 800, 100 377, 517 Wisconsin. 
WOES 5 <b ose caenteachadcnnsdeadecdaseseeneee 3, 378, 558 2,695, 270 683, 283 | 1, 808, 156 | 887,114 1, 423, 054 385, 102 Wyoming. 
266,750,000 | 165, 851,659 100, 898,341 | 102,921,656 | 62,930,003 71, 202, 670 31, 718, 986 
} | | 
1 Includes projects entirely completed and paid for. 


2 Includes completed portions of projects under construction. 


NoTe.—Work was put under contract by the States during 1920 at the approximate average rate of 7} million dollars a month; during month of April. 1921, approxi- 
mately $6,452,389 was put under contract by the States. 
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TABLE 2.—Status of construction work, April 30, 1921. 





| Projects under construction. | 


| 
Projects on which construction is 









































| completed. 
| 
State. | | | | State. 
Total ae er Total 
estimated Federal aid. | Miles. Per cent | F ede ral aid estimated Federalaid. Miles. | 
haa complete.| earned. ae 
cost. cost. 
Race covamessavdsdbaapereieceinnmens’ $1, 293, 257 $622, 803 98 52 $323, 858 $2, 471, 168 $1, 211,607 285 | Alabama. 
5 |” SENSEI Se Re eee ee oe te 3,813, 405 1,686, 275 | 192 62 1,045,491 2, 282, 569 | 1,114, 411 117 Arizona. 
I dix cccaxacdndayaceevewse ened édmeecnes 9,142,991 2,747, 590 | 798 57 1, 566, 126 413,096 | 166,183 | 67 | Arkansas. 
II i i ce ne cca 3, 535, 687 1, 767, 837 164 50 876, 693 3,388,146 | 1,677,371 | 187 | California. 
I ik aa hk Wucikandy CweRedeekransiegwanvans 2,990,627 1, 464,613 203 | 58 846, 895 1, 234, 787 | 606, 133 89 | Colorado. 
RMIT Roth oo oe a ls est 2, 433, 932 928, 823 51 | 27 250, 782 120, 232 | 53,000 | 5 | Connecticut. 
ne eee 210, 143 94, 000 | 6 | 10 5, 400 1,719,668 | 393,655 28 | Delaware. 
SINGS ast dota sey dacndenubennnniasweawans 5, 275, 301 2,497, 906 138 | 39 974, 183 215, 389 107, 695 27 | Florida. 
Georgia. RUA Eee ndaandnencldbehcwanlat vandal 10,618, 384 4, 729, 833 863 | 53 2,506,811 | 4,400,785 | 2,047,341 | 222 | Georgia. 
MG oiak sanpiue naccanGwesscasmacakeewnwunet 5,042, 490 2,353, 940 287 | 56 1,318, 206 1,397,135 | 689, 810 | 149 | Idaho. 
| | 
I  auaciseianabecunsawts 16, 264, 716 7, 048, 638 | 456 52 3, 665, 292 9, 292, 755 | 4,555, 136 286 | Illinois. 
wed at spat eenccaepaaw ead saaes sees eats 4,971,694 2, 447, 276 | 137 | 42 1, 027, 856 505,752 | 247,959 | 13 | Indiana. 
ON esc atten g chia easenicmanwiwteuak 14, 290, 668 5, 711, 434 | 307 54 3,084, 201 1, 538, 376 | 628, 850 | 152 | Iowa. 
0S Ee ee ee er rer ser 15, 118, 736 4,383,341 | 395 46 2,016, 337 1, 470, 659 | 504,825 | 32 | Kansas. 
RE rn re eee. Ser 5, 075, 234 2? 441, 376 233 44 | 1,074, 205 711, 405 | 334, 121 | 28 | Kentucky. 
| 
Ee oa eee eT cee Te eee” 7, 828, 166 3, 292, 856 | 592 | 46 1, 520, 354 935, 146 | 437,408 | 112 | Louisiana. 
I nano cencvuddbdewstek’eeneavcuseencd<s 2,687, 892 1, 296, 352: | 74 45 583, 358 420, 942 | 210, 470 | 19 | Maine. 
a ne he sinking Dace auwubduecueusen 1, 539, 192 686, 187 54 52 356, 817 2,748, 448 1,344, 543 | 100 | Maryland. 
pS yee ee re Leer a 3,088, 375 1, 410, 402 84 | 50 705, 201 1, 105, 636 531,311 | 43 | Massachusetts. 
PN sasUiewtia thse wheurenesenennkbee ae 7,652, 529 3,612,637 | 277 40 1, 445, 055 1, 567, 284 761,657 | 94 Michigan. 
Ee ee oe ee ee 12,774, 236 5, 043, 776 | 1,147 | 62 3,112,021 4,127,630 i, 597 Minnesota. 
PRLSUIORID DS «.. . 22. once cccsceecesccsereseccsecss 3, 867, 816 1,714, 341 | 322 49 810, 027 792,012 : 106 | Mississippi. 
Es 6 dan dad ncghchaarewoseeateeasgarounae 9,879, 849 4,408, 550 | 544 41 1, 807, 506 333, 167 | 30 | Missouri. 
IN aor aa aalad sige ean Cek nh Weed ow lew ee 4, 666, 138 2, 253, 164 | 486 | 51 1,149,114 2,190, 997 1,05 a | 149 | Montana. 
POG Haire cecncndeedckeeu cancanndeeosawios 6, 047, 639 3, 000, 643 1,171 90 2,709, 579 717, 046 255, 922 73 | Nebraska. 
I Ae Slee ute taiebwaisewakine eine cwalatee 1,989, 340 993,375 112 | 75 745,031 540, 559 265, 009 79 | Nevada. 
I oc ctinadnbaneecvtawsusuenadwie 547, 440 273,719 | 35 65 177,917 1, 246, 104 620, 571 85 | New Hampshire 
PE si cdinceswabechtacewkucewnenaaneecaee 2,124,030 717, 740 42 | 61 440, 511 1, 551, 636 | 703,284 | 41 | New Jersey. 
NS i aticaivenodcveekescekeongemsaaawse 2,798, 538 1,399, 269 | 327 48 668, 398 1, 290, 443 645, 221 | 130 | New Mexico. 
PN rnd anne Pain cn dees tccennree tase vac 4,548,978 1,926, 219 | 102 7 136,775 281, 237 | 140,619 10 | New York. 
so oe waceneeudahandenenesn 9,953, 106 4,776, 856 | 726 54 2,579, 502 | 2,344, 796 994, 581 189 | North Carclina. 
IIS enue naiae decors eenkayoe-von knees 3, 123, 734 1, 561, 733 569 69 1,070, 696 | 292, 353 116,175 122 | North Dakota. 
see ae vane macy aeenevaabed 12, 263, 122 4,023,097 | 332 44 1,770,163 | 3,827, 287 1, 338, 642 1:8 | Ohio. 
NS Screw cc kadai eoaiwvedeamenemesies 6, 157, 083 2,966,021 | 210 38 | 1, 127,088 | 412, 863 201, 608 7 ; Oklahoma. 
MMI ac stol fda vera seek so sexoansiervexeds 7,178,867 | 3, 198, 190 | 337 61 2,003,155} 1,447,574 932, 494 | 138 | Oregon. 
| 
NINN a oe ea dincislacasinneawe 20, 199, 571 7, 278,677 | 360 56 4,076,059 | 7,772,444 | 3, 488, 650 192 | Pennsylvania. 
ig i ath i wtiniern dame eae ta 723,477 296,995 ! 17 38 11, 964 | 308, 404 ! 153, 086 10 | Rhode fsland. 
SR ES nee paree ae } 3,789, 056 1, 543, 761 347 60 926, 257 | 1, 162,697 543, 854 103 | South Carolina. 
ER lowe rank cin enaniesn ¢oniewet mice | 5, 569, 072 2? 772, 196 528 45 1, 247,488 | 393, 598 196, 797 45 South Dakota. 
oo eee na ie be bac ak she Oar snc | 8, 337, 148 ry 167,644 355 | 29 1, 208, 617 | 54,738 25,937 2 | Tennessee. 
| | 
NE ocd eventos Siiibaen sn aia walane tae 21,345, 499 8, 263, 755 1,622 | 50 3, 855, 768 1,519,689 545 | Texas. 
SE ee eae ee ee 5, 111, 465 2,474,951 310 | 31 61,340 30,670 9 | Utah. 
cect ankeautiewienabeeawmeneaabactae 819,627 409, 813 33 23 »257 | 181,131 90, 566 | 10 | Vermont. 
NG SS orca cate tap sidvacaiaiadeaaanee 4,905, 117 2,432, 602 242 | 68 1,654,169 | 1,028,429 513,735 92 | Virginia. 
rus Sah ethins KudencdcienaGucdanseraes 2,457,478 1, 186,630 101 81 962,946 | 5,697,351 2,698, 887 259 | Washington. 
| | 
Co ne eee eee 5,696, 355 2, 500, 955 | 280 | 54 UN 361, 316 | 858, 579 401, 549 | 37 | West Virginia. 
igh pee ere tibia gigldoii e/a ened ewan 7,603, 206 2,675, 676 | 471 | 50 838 | 2, 535, 327 839,779 221 | Wisconsin. 
trae tts £ehkeaianwhetaicbesaccosan 4,493, 846 2,146, 849 | 392 59 1/259! 735 | 1,097,995 | 548, 421 207 | Wyoming. 
I teeta naires cltcsicenenane: 301, 843,252 | 127,501,366 | 17,529 | 50 | 64,661,363 | 84, 342, 878 | 38,260,293 | 5,681 
hae | 
Note.—Ratio of Federal aid to total cost in projects under construction equals 42 : 100. 
a month which was reached last year will be exceeded North Carolina, Oregon, Pennsylvania, and Wash- 
this season, and in that event the last of the money ington. 


will be contracted for at an earlier date. 

That the States are meeting the Federal Government 
more than halfway is indicated by the fact that the 
ratio of Federal aid to total cost in the projects under 
construction is as 42 to 100. 

One State (Delaware) had placed its entire appor- 
tionment under contract and will not be able to initiate 
any more new projects unless there is another appro- 
priation. Louisiana and West Virginia had _ con- 
tracted for work which will leave them only enough 
Federal aid to apply to about 2 miles more, and sev- 
eral other States have only a small proportion of their 
total apportionment available for new contracts. The 
more advanced are Arizona, Florida, Georgia, Idaho, 
Illinois, lowa, Maryland, Minnesota, New Hampshire, 


Illinois leads all the States in the amount of Federal 
aid in completed work, with $8,220,428. New York 
with a larger apportionment has earned only $277,394 
of its apportionment by completing work. 

The above facts are revealed by two tables prepared 
by the Bureau of Public Roads and reproduced herein 
as Tables 1 and 2. Table 1 presents a financial state- 
ment as of April 30, and Table 2 shows the status of 
construction work on the same date. Similar infor- 


mation will be published monthly hereafter, replacing 
the customary statement of project agreements exe- 
cuted during the month, which was discontinued in the 
last issue. The usual statement of project statements ap- 
proved will be continued for the information of contrac- 
tors and others interested in prospective highway work. 
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FEDERAL AID ALLOWANCES. 


PROJECT STATEMENTS APPROVED IN APRIL, 1921. 


























| | 
sos Length Project — ; Ret 
State. uso ct County. in ype of construction statement! © i F Pig 

dus miles. | japproved.| CS. ald. 
ae 5 | ee a a a 
eer eee Et ek oa oc vanes wands | 19, 59 | RN iicton picnic vn cele ured winnie aEMe birtales ve a awe nase Ree eh | Apr. 28 | 1 $21, 205. 66 | 1 $10, 602. 83 
WUE, ocacs ccs sens St nso haces vienee 5 SE MOD Sc iiinc hen wecin accede naadetcaweakakacedateacebeds Apr. 12 | 1,109, 128.11 | 554, 564. 05 
rh eee eee ee |: ee NE et cn cy ee Rea eek etows ye acan esa ore tee ea | Apr. 5| 133,478.06 | 66, 739.03 
Califarnia..............0<<< a” See eee | RE eos araicicaipon soacac ce pahknasiaandwhac cain aneeeeeeee Apr. 20 | 110,715.00 55, 357. 50 
Pe DROUIN os Si wrewe.ovsianarern | 13.060 | RE oe ccloaets oe rynicarine cna nle coat cache ae became ae ae | 285,615.00 | 142, 807. 50 
a |. Se ree rere | ‘Se. 000 Gravel... .... 52... Uoseace DER Sk On er Ra DREN EUNeSR ans e% be QUATCGE Os. | 219, 670. 00 109, 835. 00 
Te | SHOE BIOS casa wcswencagare lacie aamaae a 4 SES ae Ne ree te ee eee Apr. 15 | = 231, 000. 00 115, 500. 00 
ae NN ae nee ois ci acenoans bec kinetanes lee EME anda sak Gehiating cad eackanwiwe<eek sie ceawadbincnn dane Apr. 12 | 145, 200. 00 72, 600. 00 
74 | San Luis Obispo. ........... 11. 250 | Harth. en Ae | hee oats te ah an ie Keene eae cigian ake ee Cea Apr. 5 259, 475. 41 129, 737. 70 
75 | LL, ee 10. 640 | INI fing certains ce Cae aes eenin tre siete inome ee ese enael Apr. 20 | 280, 566.00 | 140, 283. 00 
78] MOMEOCINDG. . 2. cceweee 11.970 |..... SESE BS en eee a Ser eee ere ere: Apr. 25 | 256,850.00 | 128, 425. 00 
RENIN aa titccrenatess DDD i NNN Go aca cieis a vic wieineciats eR he ono ac asineaiavines aah nia nls 6 WeNuaeeewuienebie | Apr. 21 95, 118. 51 47, 559. 25 
TG ae ee eee | eo ca ces copter av arek ou dautcsicouisnbeginewatcbasaal | Apr. 20} 88,466.40 | 41,500.00 
174 | San Juan Ouray............. b on a ata acest at sae nen sionnde¥>sskdenedweis bacus ones | Apr. 4] 119,807.33 59, 903. 66 
ROUEN oe ccs sacmenne 221 | Bibb-Houston.................0. Deitel | PRGMTOOGN, COTCTOCE HTRARO - o.cn. 0 o.s0ecs scvcocncccsesvarees Apr. 12 54, 907. 54 21, 224. 62 
ee eee Gb) PUONRD nice sinens meamcecewnes 1 St a cena s acon ee ages sips Se paws asevcecexccacsnypeesenls | Avr. 25 | 193,654.71 | 146,827.35 
Pees ee eee | 15.432 ]..... LE ES SS See er cere eee 1 116, 311. 34 | 158, 155. 67 
OCU oo disaisiswccisine 51 MRO ENOUIR 5. i acssccnnraons Seis 29. 400 | Gravel, Kentucky rock asphalt............................| Apr. 8 | 678,810.00 | 339, 405. 00 
Massachusetts.......... 55 | oon n tc ccasdinnine wine wacine | .549 | Reinforced concrete. ...............-0-.s0cssccseccseeeseee |} Apr. 25 | 40, 843. 71 10, 980. 00 
LO ae IN io csvieAcecicinwiemculed 5. 490 | Concrete slab, macadam MN Go oo ce ince ed Apr. 14 | 156, 320.78 75, 000. 00 
MISSISUINDS «5.5... 0-c0 ve 23 CREE Pipe tees pm he enone s\n] eee er ne oc Uatc aa eeneee Apr. 4 | 2395,170.77 | 2 199, 439. 25 
ee a ee a ee 9.250" |... <0 MS sas cadncnionisacaaweseesinseun ad Ue Oak Geiss auemewaoen Apr. 15 28, 435. 00 14, 217. 50 
eee Pf omen steven occceeesetes 15. 000 |..... Carre Varg Gxninnd dawenlsies Ceanewkak owanmieeviuena sae hen | Apr. 12 | 110, 000.00 55, 000. 00 
ie Sa ee eee 16.000 |..... Beton ceaina wesw esau nda vas woos s bean SeaNuesameeeee | Apr. 14 107, 800. 00 53, 900. 00 
RR TO oo wn ocean ccucnrcionees 36.000 |..... Mohn ore de cea aaaent easel sew in eens eme eee | Apr. 4 258, 395.50 | 129, 197.75 
i @ sii cic a tnratauecmcnes 22. 800 |..... SEN scat ea cadle teins nvekeatewen cnishetcabaanyawe cee = ee 159, 997. 75 79, 998. 87 
i ee MP agri cicraine Seca cee ieeeaioiare 9.000 |..... Rc sidedacccancanweeeeniocmesnogs ccisninsservesnowes@emenlene oe 50, 068.42 | 25, 034. 21 
NODTOSEAs <csceswwcnts 66 NE dois cae ss anes 1 8, 250 | PROGR cacntachemseescwes LRGETSeW KREMER ReaD See Seem aENe | Apr. 26 ' 45, 804. 00 | 122, 902. 00 
63 | Hayes-Perkins........<..... 141,500 |..... | Se eee ee Pesta eneutosaeseceemwehices ae A RESS 177, 000.00 | 138, 500. 00 
i) COMIN cher sien winreiesic ee snwiesce | 118.500 |..... Pe Svkein cone racks S awe nS Sak tlewaw omcmenw Sens Gaslairee ie eee 1 45, 320.00 | 1! 22,660. 00 
al EES Ree } 125.850 |..... Ee ee ee een oer GO. sss 1 73, 370.00 | 1 36, 685. 00 
Be | MEE ciclo cenicineenwewesiccncs 3 28. SRE SION aries <oianociaesinicin Susaceeaucwsworencare | Apr. 15 | 8 75, 460.00 | 137,730. 20 
| oe 0) PROD i racaGiwccowenvecnes} 1 22. 200 | OO SSS eee Sesmae Snares pHksaéneaewuae Apr. 26 1 55, 825.00 | |! 27,912.50 
O4 | Avtir-Relth............<..<0< Pete e | FOMPON CUNY SOMEDAY 6c onc cceccevecebesn cos secemesenseeeeeis er SE 1 134 349.60 | 1 67,174.80 
101 —— vtigeW0'e Re biciteccsee RR I eich ac erate ciginre a wank oh. aa Sie Ania meat werera xtra ee 1 46, 156.00 | 1 23,078.00 
RO: SER sincrcens Reaeiveneue care ie: BMD) RRMA O eh AE cin cs ha ences dn mcsecunadagcessamonece cot ame 15 399,318.56 | 3 49,659. 28 
114 Hitcheock- PEGE: <nsseccses 1 20. 800 PE ARNE ooo cecccknncbadevennateweete acerca Apr. 26 | 185,558.00 | 1 42,779.00 
WiZ | Gatden..........-.--20000.00- INR nc ce awccwdedewemecccceacesensstcctyeneinse: 1 40,777.00 | 1 20,388. 50 
124 | Sheridan-Dawes............. { De See Gnawa, CLC, SUNG ORT. coins occa cccacnecancacawdssescoenleas BOiscnis 1 140,043.20 | 170,021. 60 
TEC) SN oven evi tdesssnweesiaes |) SAR ROU c oc cienieecnGwaTeSWaNneesancGns canetaceeshehewen ace | Apr. 15 3 36, 067. 80 | 318,033.90 
Do ee 123. 400 |..... Se cic ccnewondeststaeene urs seRaweweeknWeaudcewaena Apr. 26 177,198.00 | 1 38,599. 00 
131 | Rawnee-Richardson......... | 124.100 |..... | REA SR ESS ae A ee i ee or ree ieee ones 1 82,137.00 | 141,068. 50 
BO [Ce ase cccinceeserenas=<i<= 3 31.000 | Farth and sand-clay .................----2-e-eeeeeeeee----| Apr. 9 | 3 108,043.76 | 3 54,021.88 
RD}, SAN iinccccisGeu secs a sitannnice iil 800 | Farth.....--.....220.- ee eee eee cece ee eee eee cece eect cece cess] ADM. 26 1 37,345.00 | 1 18,672. 50 
144 | Morrill-Scottsbiuff........... CEI i. cclr ncaa tw anisyeaken saadel wi ae Unulka ewan nn wines ee ae 1 78,936.00 | | 39,468. 00 
148 | Gosher-Frontier,............ 1 36. 800 | BR con dawcasieeeinwh.oeCcanssbwie snd bk Vaden nue sis slaw wum ee eee 1 141,724.00 | ! 70,862.00 
Ba ee 1 36. 300 |..... ee ee pee ea ter ee es 1 137,929.00 | 1 68,964. 50 
157 | Seward-Butler............ ieee snsitniiacnminnegecvardnanecarseancainah ee “ae 195, 964.00 | 1 47,982. 00 
: TAO) RN RONE «. Sence—coseesctaes 196; 807 |... .2 Ble tacced aces Bi dalarsfouvabeqeece ane rerene meee ooacaaaeuen | Apr. 29 | 126,807.00 | #13, 403. 50 
NOUGURG a vcussas sauces Wi I ecicrna diving We tae paseaeerees 11.640 | Gravel........ SR a Te ee ee eee re seaubowee Apr. 27 38, 244. 58 19, 122. 29 
fe ead aaa Sein ees, hee OER See a NS el aren tineer er: | Apr. 29 55,255.20 | 27,627. 60 
al Coe Eile socaneneerenawnes 15. 430 |..... | RR eee eer Pere et eee rere te Te et | Apr. 25 50, 696. 30 25, 348. 15 
Ok See nee 21.700 | Farth and gravel.............. Meee eres Khe eeatainumemeciog | Apr. 20 263, 219. 00 131, 609. 50 
MAE oy) ae a ee ee I wok canes anrerenscbsenasheeaseatewmuscalledwhecen Apr. 14 581, 240.00 | 108, 400. 00 
New Mexico............ 27 | McKin ey............-.-...- 23. 000 | NN ons oaw cnc obwskawanenGs-cnnee ey omen en Apr. 9 188, 100. 00 94, 050. 00 
66 | Dona Ana............-.-.... A Le ee eer re te eee | Apr. 12 191, 400. 00 95, 700. 00 
NOW FOG. . 5 o5<5 scnccn te I cee digs ancesinawnenees 5. 900 | RE COMO ios o ds nana nidhawssnedetenvenesesodun Apr. 30 324,000.00 | 113, 400. 00 
i Se ce eee T50'| ERROR 525 2uns wimesaieceeiace 5. 830 | Bituminous or aspha!tic top—macadam base.........-..-- Apr. 21 287,100.00 | 97,500. 00 
Al SS ee 3. 875 | POCO, GBGMAIG, OF COMCUO een wai cece csccceescsccadccses's Rape | eee 199,000.00 | 14, 150. 00 
| = gl Bee reine oectrerginconees 4.235 |..... do Cccp eases awe Shinn SSwEG ghee etu seb ve sad Men suwowswew sie ee | 203,000. 00 14, 150. 00 
; 135 | Montgomery. ............... 2. 623 | Concrete or bituminous macadam................-.....--- Apr. 16 | 110,000.00 | 32,000. 00 
Se OA AA Ne TOW |) NOR 25 oc. Se comsswces Re Eee eee nee | Apr. 21 - 200.00 | 43, 400. 00 
BOG RO ee ak second 3.043 | Asphalt, Kentucky rock asphalt, bituminous macadam...|...do..... 5, 000. 00 59, 600. 00 
152 | eee BGI | SURI OE os ans sca e wan kcnnccsctncsscasacecnveavacds Mar. 22 | 192” 000.00 | 57,000. 00 
BOD | PROOOM sina 'enincnimceeceswcis ee een rere Apr. 21 | 145, 000. 00 | 52,500. 00 
Oe I ia is gsesincsieseceacis 2.576 | Brick, sand cushion on clay base......................-00- Apr. 15 | 133,500.00 | 22,000. 00 
PO ED cco ccmcccmestunceus SE Tie IRIN oii Sh duo vedo vevnceetsadecenatnseen ee | eee 130,000.00 | 48, 000. 00 
SPRAIN ccc sy vacenenacatexs 2.000 | Monolithic brick on clay base..................22-02-0200- Apr. 21 95,000.00 | 33,500. 00 
BO Se oe EE | ID nintank Asc uina's's sce pipie'<ine ae aces Newman ewsi ep wuswiee Apr. 15 | 148,500.00 | 66, 000, 00 
TOe | TEU soo cawcccmoineaxews 2.007 | Brick, bitulithic or Kentucky rock asphalt on concrete base | Apr. 21 146,000.00 | 23, 000. 00 
i ee Dertanekuiesndeneinenenie SI: | eee We a oo occ ca cmcapeuaceswcaccntdawns eS 369, 000. 00 62, 000. OU 
ae ee ee eC, Wr MEI loi od occ wok aiden aeenesecusmaenneaie Apr. 4 | 30,000.00 | 15,000. 00 
te eeee Ri OE | Serer it CONMOOG NIE dose ccnccucaswcnesccsvccenecaduguee Apr. 15 | 110,000.00 | — 25, 000. 00 
SOS: | URANO. oc scniciwoscas RE aI on occ nue nck cncheeneetreceanseseuhesexnsale Apr. 23 327,000.00 | 69,000. 00 
194 |..... (SER ey eee 2.991 | Concrete, brick, bituminous macadam..................... Apr. 21 245,000.00 | 50,000 00 
eee ssid acc cewesinae Senet pa 5.240 | Concrete, brick, Bitulithic, or bituminous macadam....... Apr. 27 471,000.00 | 97,000. 00 
WEP | ARIA oo oo 203ca,onseees Sy he OMe Coc ce os sae ee cannon nace oehoncinecnte Apr. 25 98,760.00 | _ 40,000. 00 
| ee os omiccciccicnew mens ceupedeeds dense sowestouskaces | Apr. 15 188,000.00 | 25,000. 00 
ORRONNR co ccecelee 51 | Muskogee-W agoner iin caniaaeion eeu P NN as Nadia a Sin ots re Daca Ta OaT Ob EMpHIE DEES EB ONGKH | Apr. 12 735,000.00 | 367,500. 00 
| 5B: | OMMUNOC. <n ncaccecee. WONG ORRIN 0.55 oc csc okc Denmewsaassoeak ssandaexucceucuss | Apr. 20 480,000.00 | 240, 000. 00 
WR va osdias iG cases | eo eae Uj) eee Mes oan Cae Mcmown nessa ohm uisiewa oe. UNawaameke bat ekased | Apr. 4 306,514.17 | 153, 257. 08 
° | 9 ee | SER A ee ey al ee race ebinss ak oie uc une sciewunalaswk ences ounae sO akan (Ae ee 185, 057. 95 92, 528. 97 
Pennsylvania.......... er ee Feat Fo 05E) | NORE OONUTONG ing. cc vicccceceeccudawesscusveenesoces | Apr. 2| 189,122.72 | 43,080.00 
South Carolina......... ee ene eee adc cc cai ceva ccnavuhmGustene teatesctnoentsacekeye | Apr. 25 20,910. 96 10, 455. 48 
South Dakota.......... TA ic ond cmaccwacclecions TTI te) ne eens Gh nee pas iw walle seam uCeee | Apr. 22 81, 528. 26 40, 764. 13 
NE ener bee ee ae: Marte canada St ice bE nkcaess aa0skven KCUeEe re | Apr. 21 41,114.04 20, 557. 02 
Tennessee. ..........-.- } en. SRS One en eae Bi ah |) SCUNATLOUS NACA oso 5 occ css sce cactecscccsacssocescs | Apr. 12 345, 631. 66 172, 815. 83 
= i; | reap 6.655 |..... __ SEE SEES PU ENR URNA tea = “eee 258, 157.42 | 129, 078. 71 
Pa eee 2.340 |....- Bt es aera Se NOUS Seine wae ee Uae ier im | Apr. 5 80, 893. 35 40, 446. 67 
WORD Abe cebecee wees ie 6 eee NEE NN a aloioce ath Th an ide non edna Remern adc asa ye monks re iee | Apr. 4 55, 000. 00 27, 500. 00 
eo OT eee ae 11.100 |..... “ESOS aE SS GE OSES GSR I RI Me EON DRE | Apr. 2] 134,156.00 | 42,000.00 
| Oe eae =) Mea becnet hi ht adesinc ds waacuensccecmeGanedun aseweece Apr. 20 123, 458. 61 30, 864. 65 
VORMOIE cccscccocees<s BO, AURIS ocak ow seeiciosaceae Se 4) ARNG TRNONODENS 565 ooo bu sn vewenewessccwosessuteccsis Apr. 4 63, 690. 00 31, 845. 00 














4 Withdrawn. : ? - a 
2 Revised statement. Amounts given are increases over those in the original statement. 
3 Revised statement. Amounts given are decreases over those in the original statement. 
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PROJECT STATEMENTS APPROVED IN APRIL, 1921—Continued. 




















| : Length | | Project | y na ee 
State. | — County. in Type of construction. jstatement| —e : ge 
os me miles. | lapproved..| ; , 
| | i 
WR sckctavivsceses eo eee Be cio cunrcamonnc camencasi eenscounasayawonnn enn Apr. 16 | $115,500.00 | $57,750. 00 
75 | Prince Edward.............- Set RI do Ceca een uu rene énedsanennecusadeveesareresaee Apr. 4| 36,790.93 | 18,395. 46 
CA een & 550 |..... Merete Ca aaleclen carte One ncn ME eeu a tueeN Tea mmanae Apr. 21 | 79,090.00 | 39,545.00 
ere eee in aihyeattierh Sub ake AUbEUN Cot Shane eee nine eS Nees Apr. 8 | 55,999.90 | 27,999.95 
| 92 | Orange, Spottsylvania...... SAID 0 I osc encgn pateiugs eksipbdetueebecde casa nuamennenwenes Apr. 5| 54,914.82 | 29, 457. 41 
BE i gees nkescecowaconcees Sh a is. 5 ees see cccer sci xvesanseecskasinvuieees Apr. 21 | 184,339.04 92,169, 52 
| 103 | Shenandoah... .........s.000- EE 1 SRNR PRO SMUNIN, wer cicinin ge ecis wend vuwecisessenicawpeseares Apr. 11 | 60, 725. 87 16, 408. 69 
West Virginia.......... ly II oa pcnc snc oeniccshaes Oe 8 EE tines decree ausiwaswiseekuinknwns apeesacsiwemneawaewenaels Apr. 21 | ! 55,246. 40 1 27, 623. 20 
ee | Te ened ae kanwemmed 4, 240 mae a ede iter noi tatal a. ecaiense ox ah Gees suo alae RR aie RE Apr. 25 55, 869. 00 24, 000. 00 
| 142] Burnett...................-- ED Es choviiniananetarsuatrorcuckaceqeyiavswbhentaahnwnaes Apr. 22| 90,493.79 | _ 27,006. 50 
154 | Pond du Lac........<..ceces rf IN 655 occa ayaa vincinclein un RGadoua seus stesesennausnwnenads Apr. 21 | 3 135, 860. 64 | 339,742. 91 
| ot UY MR a's Gnesi ooeioaveauwanasbcceeneuinensescee le auseeussemevieed , ee | 41, 824. 56 18, 000. 00 
eS Se aie on cece suse cdddee ve ecatdwomnhanasee Te veseiedserad Apr. 4| 15, 582. 32 6, 000. 00 
a ee Dinuisbsduccoveuskeaeces 2 P< hema raadte sae enaneuuoauva vaksaaeeRStuaeeaweane Apr. 14 | 12, 763. 25 | 5, 000. 00 
Bf MN cisicdcrecensicnenadon | 5. 400 |..... Pccnatvacasssense esa siea cansheenseeebashecamueonen’ Apr. 11 50,053.03 | 20, 000. 00 
BF BU sivsnecindccsccvedansees | Pete DMD cigonecaccnsadusnwshinseseeed nuevo svoukesetioeedan was Apr. 25 46, 519. 00 17, 000. 00 
Oe OS eer ee | lt ROOD exe Namccnetende enki ate bh enken seen ew aerehpinvien ease Apr. 14 59,345.50 | 19,314.50 
| ee ES Spee ae 4.04) | Haren... .. 2... 22cceccscncceciecceccsccescseccsossecteccees|ses ae 59,010.05 | 23,000.00 
218 | ReOwaunes.... .......65.0025. 1.870 | Gravel. ....-.-.------ +2222 ee eee eee eee erent eee eee nee eeeee Apr. 4 | 24, 316. 60 9, 000. 00 
ao Mi ceceduwadcundose ccs ore atvidbic pcaleacansscesels duis vancescess seve enesassev esters Mi css 19, 784. 22 | 7, 000. 00 
eR Sen er Ne 1 exc cancnwessensa cheese uhangasccnene Pe emer Ie do..... 53,797.15 | 25,000. 00 
225 | Marathon....... wale eect as } 5.060 | Disintegrated granite or gravel. “...................---.--- Apr. 14 75, 217. 61 30, 000. 00 
ere | Pf OUD cilurn aacangicdcaasaasen dues cocdesadceesaesdecnbae’ Apr. 2 | 88, 548.64 | 35,000. 00 
. 1b See 1.960 |... Mkisss ssh sckly ocasvedtenaceat ens comeeidixeundnevaveseea Apr. 16 ! 14, 752. 58 | 6, 000. 00 
Se | Rsv kcenwsccneNetacnows Bef CN a rcc Rk eeecincsesaronccesesudiaeuvesenweeveanweenss Apr. 30 127, 640. 59 43, 325. 57 
MN NIE So ccaricen doen asccosus DPR CMNINEN Se aco Ga Ne aay) rire arpa aaanuecaund Apr. 2 71, 189.94 | 30,000.00 
el eee | MME NC ornate aa pau neiurenoecataeus sia wiensonloen Oise... 179,703.70 | 65,314. 98 
| eS i EE an cid vn cee aw wedgeadwetadsetateacreteses sah ipwnMagaleed | ee 74,060.36 | 35,000.00 
BO) WEG cee itnxecsesvencansees | 3.050 |..... MK Gics nciuandebndiwrvakavacsareccuwuantadenaccaaadedes ens oe 31, 112. 58 9, 333. 33 


1 Withdrawn. 
3 Revised statement. 


(Continued from page 28.) 

Reference is made above to the sweeping of Portland 
cement over the pavement while it is still warm and 
pliable. The principal purpose of the cement is to 
fill the fine superficial pores, and it is taken up to a 
limited extent by the asphalt. It takes the place of 
what was called a seal coat in the old Topeka type 
before it was modified in its finer aggregate. 

The seal coat in the now obsolete Topeka specifica- 
tions as well as the still valid specifications for some 
coarse-aggregate asphaltic concretes served a twofold 
purpose. 

In both these mixtures the grading requirements of 
the fine aggregate, even if properly enforced, could only 
produce porous mixtures. The seal coat consisted of 
& squeegee application of fluid asphalt cement that 
penetrated to some slight depth into the surface mixture 
and provided at least a temporary waterproofing. 
This seal coat with the following covering of stone chips 
also filled the superficial pores caused by the depression 
of the coarse stone into wearing surface. 

A seal coat is still employed in the coarse-aggregate 
types and is required for the reason that the superficial 
pores are of much greater extent than in the Topeka 





Amount given are decreases over those in the origina] statement. 


type. As the coarse aggregate is much larger and 
constitutes nearly two-thirds of the entire mass of the 
pavement it follows that, in rolling, the larger stone, 
being depressed into the mass, will leave surface pores 
of comparatively large size. ._The only object of the 
seal coat at the present time is to fill these pores. 
While a thin coat of fluid asphalt covered with stone 
chips is frequently employed, a more rational seal coat 
consists of a thin coating of a mixture of fine aggregate 
and asphalt, as required in the body of the asphaltic 
concrete—in substance a sheet-asphalt mixture. This 
is thinly spread and raked over the pavement after the 
first rolling and after all surface corrections have been 
made and then rolled into the surface. The final finish 
for this pavement, as well as the other types, is Port- 
land cement or limestone dust. 

What has been said about field operations and 
inspection heretofore applies with equal force to the 
coarse-aggregate types. The latter can be made, the 
same as the small aggregate types, a pavement of per- 
manent value, not by a lucky accident, as has been 
the case many times in the past, but by design and 
conscientious insistence on the observance of essential 
requirements. 











